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Abstract …….. 

The Canadian Forces have recognized the importance of simulator training as a cost-effective 
alternative to real training; yet the effect of display simulation on visual perception is not fully 
understood. Eighteen subjects participated in an experiment to determine if training, in the form 
of immediate feedback, improved distance estimation to muzzle flashes in a simulated NVG 
environment. Testing was performed on a PC desktop computer using software that simulated a 
large open grassy field. Subjects were exposed to three flash types; five flashes, single flash, and 
a prolonged flash. Flashes were presented to the subjects both above and below the horizon. 
Significant improvement was shown in the experimental group’s accuracy; this accuracy persisted 
over two weeks but with notable deterioration. Contrary to expectation the perception of a single 
flash resulted in significantly greater accuracy than the prolonged flash. This experiment 
reinforces the effectiveness of simulation as a tool in preparing soldiers. A bibliography of the 
topic is included. 

 

Résumé …..... 

Les Forces canadiennes reconnaissent l’importance de la formation sur simulateur à titre de 
substitut économique à la formation réelle; cependant, les effets de la simulation de l’affichage 
sur la perception visuelle demeurent mal compris. Dix-huit personnes ont participé à une 
expérience visant à déterminer si la formation avec rétroaction immédiate améliorait 
l’appréciation des distances de lueurs de départ dans un milieu de simulation observé avec des 
LVN (lunettes de vision de nuit). Les essais ont été réalisés sur un ordinateur de bureau à l’aide 
d’un logiciel qui simule une vaste étendue (champ). Les participants ont été exposés à trois types 
d’éclairs : une série de cinq éclairs, un éclair unique et un éclair prolongé. Les éclairs étaient 
générés au-dessus et en-dessous de l’horizon. Des améliorations importantes (p ≤ 0,05) ont été 
observées dans la précision de l’information fournie par le groupe étudié; la précision a été 
maintenue pendant deux semaines, mais s’est tout de même détériorée considérablement au cours 
de cette période. Contrairement aux attentes, la distance de l’éclair unique a été perçue avec une 
précision beaucoup plus grande (p ≤ 0,05) que celle de l’éclair prolongé. Cette expérience est 
venue confirmer l’efficacité de la simulation comme outil de préparation des soldats.  
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Executive summary  

Distance estimation to flashes in a simulated night vision 
environment:   

Garrett Morawiec; Keith K. Niall; Kathleen Scullion; DRDC Toronto TR 2007-
143; Defence R&D Canada – Toronto; December 2007. 

Introduction or background: Distance estimation is a fundamental skill that must be mastered 
by all combat arms soldiers. New recruits to the Canadian Forces (CF) are taught to estimate 
distance during their Army Soldier Qualification (ASQ) course. The use of technologies such as 
night vision (NV) devices (image intensifiers) gives the CF a tactical advantage. The Canadian 
Forces has recognized the importance of simulation training as a cost effective alternative to live 
training; however, the effects of simulator on visual perception are not yet fully understood. A 
simulated NV environment was used to determine if participants could be trained to estimate 
distance accurately from their own position to muzzle flashes. Eighteen participants (n = 18) 
volunteered for the study: sixteen males and two females. Participant ranged in age from 19 to 49 
years (M = 31.45, SD = 7.38). Thirteen participants were military personnel: eight had previous 
experience with night vision devices. Testing was performed on a PC computer using software 
that simulated an open field with textured grass as the ground plane, and clouds in the sky. 
Participants could see a horizon line which appeared where the ground and sky met. Flashes of 
light would appear on the display either above or below the horizon. Participants were exposed to 
three different flashes: 1) five consecutive flashes 2) a single flash or 3) a prolonged flash. The 
flashes of light could appear anywhere from 5-300 meters away from the participant, in five 
meter increments. Each participant completed four sessions; pre-training, training/no training, 
post-training and two week post-training. The first, third and fourth sessions (pre-training, post-
training and two week post-training) required the participants to estimate the distance from 
themselves to the flashes, with no feedback. In the second session the experimental group was 
provided  with  feedback,  in  which  the  participant  was  told  the  actual  distance  to  the 
flashes, after they entered their distance estimate in numbers on a keyboard. The control group 
received no feedback. 

Results: The experimental group improved their distance estimation from the pre-training 
sessions after they received training in the form of immediate feedback. This improvement in 
distance estimation is significant when compared to the control group. A single flash resulted in 
significantly greater accuracy than a prolonged flash. Participants in both groups consistently 
overestimated the distances to the flashes in almost all conditions, which is at odds with the 
majority of previous findings on errors of distance estimation. There was a three-way interaction 
effect, consisting of Session x Horizon x Group. The experimental group’s distance estimates 
during the training, post-training and two-week post-training sessions were an improvement over 
their pre-training session. Another significant difference within the three-way interaction was 
between the experimental group and control group. The experimental group was significantly 
more accurate than the control group in several conditions. There was a significant improvement 
between the experimental group’s pre-training session compared to the rest of their sessions. 
These improvements were greatest when estimating distance above the horizon. 
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Significance: It is recommended that training in the form of immediate feedback is an effective 
way to prepare soldiers for the challenges they face, in estimating distances to an enemy location. 
This study reinforces the effectiveness of simulation as another tool in preparing soldiers.    
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Sommaire ..... 

Appréciation de la distance des éclairs dans un environnement 
simulé observé avec des lunettes de vision de nuit:  

Garrett Morawiec; Keith K. Niall; Kathleen Scullion; DRDC Toronto TR 2007-
143; R & D pour la défense Canada – Toronto; Décembre 2007. 

L’appréciation de la distance est une aptitude fondamentale qui doit être maîtrisée par tous les 
soldats utilisant des armes de combat. Les nouvelles recrues des Forces canadiennes (FC) doivent 
apprendre à apprécier les distances pendant la durée du cours Qualification – Soldat de l’Armée 
(ASQ). L’utilisation de technologies, comme les dispositifs de vision nocturne (VN) 
(intensificateurs d’image), donne aux FC un avantage sur le plan tactique. Les Forces canadiennes 
reconnaissent l’importance de la formation sur simulateur à titre de solution de rechange 
économique à la formation réelle; cependant, les effets de la simulation de l’affichage sur la 
perception visuelle demeurent mal compris. Un environnement simulé observé avec des VN a été 
utilisé dans le but de déterminer si les participants pouvaient recevoir une formation permettant 
d’apprécier la distance de lueurs de départ avec précision à partir du point d’observation. Dix-huit 
participants (N = 18) se sont portés volontaires pour l’étude (seize hommes et deux femmes). 
Leur âge se situait entre 19 et 49 ans (moyenne = 31,45, écart-type = 7,38). Treize d’entre eux 
étaient militaires, dont huit avaient déjà utilisé des dispositifs de vision de nuit. Les essais ont été 
réalisés sur un ordinateur PC à l’aide d’un logiciel simulant un champ avec de l’herbe texturée 
comme fond d’écran, ainsi que des nuages dans le ciel. Les participants pouvaient distinguer une 
ligne d’horizon qui se trouvait à la jonction du sol et du ciel. Des éclairs de lumière apparaissaient 
sur l’écran soit au-dessus ou en-dessous de l’horizon. Les participants ont été exposés à trois 
séquences d’éclairs différentes : 1) cinq éclairs consécutifs 2) un éclair unique, ou 3) un éclair 
prolongé. Les éclairs de lumière pouvaient apparaître n’importe où à l’intérieur d’une distance de 
5 à 300 mètres du participant, par accroissements de cinq mètres. Chaque participant a suivi 
quatre sessions : formation préparatoire, formation/absence de formation, post-formation et 
post-formation après deux semaines. La première, la troisième et la quatrième session (formation 
préparatoire, post-formation et post-formation après deux semaines) exigeaient des participants 
qu’ils apprécient la distance les séparant des éclairs, sans rétroaction. Au cours de la deuxième 
session, le groupe étudié a reçu de la rétroaction, au cours de laquelle on disait au participant 
quelle était la distance réelle des éclairs, après qu’ils aient saisi au clavier leur estimation de la 
distance. Le groupe témoin n’a reçu aucune rétroaction. Le groupe étudié a amélioré ses 
estimations de la distance par rapport aux séances de formation préparatoire après avoir reçu de la 
formation avec rétroaction immédiate. Cette amélioration dans l’appréciation de la distance est 
importante lorsqu’on la compare au groupe témoin. L’exactitude des estimations a été plus grande 
dans le cas de l’éclair unique que dans le cas de l’éclair prolongé. Les participants des deux 
groupes ont tous surestimé les distances qui les séparaient des éclairs dans presque toutes les 
conditions, contrairement à la majorité des résultats antérieurs d’appréciation de la distance. On a 
organisé les interactions selon trois catégories (Session, Horizon et Groupe). Les estimations de la 
distance par le groupe étudié durant la formation, la post-formation et la post-formation après 
deux semaines étaient meilleures que celles de la session de formation préparatoire. Une autre 
différence importante relativement au regroupement en trois catégories a été observée entre le 
groupe étudié et le groupe témoin. Le groupe étudié était beaucoup plus précis dans ses 
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estimations que le groupe témoin et ce, dans plusieurs conditions. On a remarqué une 
amélioration notable entre la session de formation préparatoire du groupe étudié et leurs autres 
sessions. Les améliorations ont été les plus notables lorsque l’estimation de la distance se faisait 
au-dessus de l’horizon. Il est recommandé que de la formation avec rétroaction immédiate soit 
donnée, car elle est efficace pour préparer les soldats à relever les défis qui les attendent, soit 
estimer les distances les séparant de l’ennemi. La présente étude reconnaît l’efficacité de la 
simulation comme étant un autre outil de préparation des soldats. 
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1  Introduction 

Distance estimation is a fundamental skill that must be mastered by all combat arms soldiers. 
New recruits to the Canadian Forces (CF) are taught to estimate distances during their Army 
Soldier Qualification (ASQ) course. According to the CF lesson plan for distance estimation, a 
soldier is required to be able to estimate distances in order to: (1) adjust his own fire accurately; 
(2) assist others in adjusting their fire; (3) indicate enemy positions accurately; (4) prepare range 
cards; and (5) call for supporting fire (e.g. artillery) [1]. Distance estimation becomes increasingly 
difficult in night operations. Night operations, however, are crucial to modern Infantry 
survivability. Through the use of technology, night vision goggles (NVGs, an image intensifier) 
give the modern force a tactical advantage. An understanding of NVG characteristics and the 
effect on a soldier’s perception is essential to performance with a complex piece of equipment. 
This human-machine interaction can be complicated by the involvement of a second machine, the 
simulator. Simulators are training aides that reduce training costs and allow users to be placed in 
situations that would otherwise be deemed too dangerous for training.  

As the Canadian Forces operate all over the world in complex and often dangerous environments, 
there has been increased emphasis on simulator training. The Director of Air Requirements has 
identified  a  requirement  to  train  their  pilots  on  deployable  simulators  before  conducting 
specific missions overseas. Defence Research and Development Canada (DRDC) is working on a 
project called the Advanced Deployable Day/Night Simulation – Technical Demonstration 
(ADDNS-TD). The objective of the ADDNS-TDP, according to its Project Charter, is “to aid [the 
Canadian Forces] operational readiness by advancing the visual simulation capabilities of training 
simulators for deployment in mission rehearsal” [2]. These capabilities include the ability to 
rehearse using simulated NVG in a variety of environments. 

DRDC has conducted several experiments to determine the effects of NVGs on perception and 
distance estimation. The majority of NVG research at DRDC focuses on the difficulties in 
estimating distances while using NVGs, in field studies and in simulated environments, such as 
simulated fields and laneways. The studies have focused on distance estimation between two 
static light sources or objects (exocentric distance estimation). In the present experiment, a 
simulated NVG environment was created to determine whether the subjects could be trained to 
estimate distance accurately from themselves to muzzle flashes. This is referred to as egocentric 
distance estimation, that is, distance estimations from an individual to an object. There are several 
factors in understanding the perception of distance in an NVG environment. They include: 
theories of perception, cues to distance estimation, and NVG design and characteristics. After an 
examination of these factors, a review of recent research in the area of distance estimation will be 
presented to set the stage for research questions and hypotheses. 

1.1 Visual perception 

An understanding of visual perception is crucial to understanding psychophysiological factors 
that influence human ability to judge distances. The intent of the current experiment is not to 
analyze individual defects or medical problems surrounding perception. Instead, the focus will be 
on the factors that have a bearing on distance estimation in particular. At the core of 
understanding  visual  perception  is  the  problem  of  depth  perception [3].  The  problem  is  
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that the 3-D information we receive from the ambient optic array (the reflected or emitted light in 
the environment) is projected onto a 2-D surface at the back of the eye. When the ambient optic 
array is projected onto the 2-D surface the third dimension (depth) is lost. Depth is the distance 
from the observer to the reflective surfaces in the environment. The problem is that the human 
visual process is susceptible to misinterpretations of the world around us as we try and retrieve 
this third dimension. These misinterpretations or illusions hamper our ability to estimate distances 
effectively. Gibson and Flock discuss an illusion that many are familiar with, the apparent 
distance of mountains [4]. A mountain may give the illusion that it is very near when in fact it is 
very far. Perceiving the 3-D information from a 2-D retinal image begins with an understanding 
of the physiology of the process.   

1.1.1 Physiology of vision 

The physiology of vision begins when the information contained in the ambient optic array is 
projected onto a section of the back of the eye called the retina. This light is “absorbed by visual 
pigment molecules and transduced (transfer of energy contained in the ambient optic array) to 
electrical neural signals by the photoreceptor cells of the retina” [5]. The neural signals leave the 
retina and travel along the optical nerve. The majority of the optical nerves end at the lateral 
geniculate nucleus (LGN), where they are organized for further transmission to the primary visual 
cortex (V1) and beyond, to the more than 30 cortical areas for visual processing [5]. Frishman 
explains that the visual information follows two general streams: a ventral stream, which 
concerns itself with object identification, form, and colour, and a dorsal stream, which is 
concerned with location in space and motion. Although brief, this describes the general 
physiological pathway that information from the ambient optic array takes within the brain. How 
does the firing of neurons in the brain lead to perception? This is the realm of psychology; the 
following theories have dominated the field for years.  

1.1.2 Indirect perception 

The logic behind theories of indirect perception is the premise that perception is the result of 
internal mental processes, which take the proximal stimulus, the image on the retina, and derive 
veridical perceptions of the environment. This concept is in sharp contrast to the theory of direct 
perception, which argues that all information necessary for the veridical perception of the 
environment is contained within it. One of the first theories of indirect perception, which has 
influenced theorists since, is Hermann von Helmholtz’s theory of unconscious conclusions or 
unconscious inference [6]. The starting point for his theory is that through experience, or learning, 
we can begin to perceive and come to conclusions about objects in the environment without 
conscious thought. Helmholtz’s empiricist view is at odds with the nativistic view where 
perception is a result of innate processes. As Helmholtz explains, unconscious conclusions “are 
based upon a sequence of experiences, each of which had long since disappeared from memory 
and entered consciousness only in the form of sensory impressions” [7]. New sensory impressions 
occurring in perception are unconsciously influenced by previous observations. Helmholtz uses 
language as an example [7]. Children can only learn the meaning of words and sentences by 
hearing others use them. As the children grow up, they understand these words and sentences 
without any effort or knowing when and where they learned them. Visually, this means that as the 
result of experience and learning, humans move throughout their environment rarely giving 
conscious thought to the objects that surround them. Similarly with experience: interpretation of 



 

DRDC Toronto TR 2007-143 3 
 

 

the environment can also occur as a result of taking incomplete retinal images and arriving at the 
most probable conclusion. Palmer refers to this as Helmholtz’s likelihood principle [3]. What is 
unclear about Helmholtz’s theory is how “impressions” become thought. Later in Helmholtz’s 
career, he moved away from using the terminology of unconscious conclusions or unconscious 
inference and used instead inductive conclusion. Helmholtz had received much criticism for the 
former terms as an inference or conclusion implies consciousness [8]. However these terms 
persist today, much like the theory behind it. 

Irvin Rock was another proponent of the theory of indirect perception, and a follower of 
Helmholtz [9, 10]. Much like Helmholtz and all indirect perception theorists, Rock hypothesized 
that perception was the result of internal mental processes. Unlike Helmholtz, who emphasized 
prior learning and the likelihood principle, Rock’s theory on perception emphasized cognitive 
processes which result in perception. Central to his theory on perception is the problem solving 
required in order to arrive at final perception. Rock recognized that not all perception required 
such problem solving, as in unconscious inferences. The proposition that initial perceptions 
usually precede final perception, when a perception is derived from a problem-solving process, is 
essential to Rock’s theory. This problem-solving process is also referred to as a perception-
perception chain. A first perception, which Rock called “literal”, is highly correlated with a 
stimulus in the environment. The second perception which follows may be instantaneous or it 
may require some problem solving. Simply, the mind has taken the literal perception and 
constructed the second perception, which results in a preferred final perception. This perception-
perception chain is particularly noticeable given ambiguous stimuli. Rock provides an example 
using the stereokinetic effect to demonstrate how one perception depends on another [9]. In the 
stereokinetic effect, a disk is rotated on which circles are eccentrically drawn surrounding other 
circles (see Figure1).  

 

 

 

 

 

Figure 1.  The  stereokinetic  effect  demonstrates  a  transformation  in  perception  over  time 
from 2-D circles rotating around each other to 3-D cones wobbling. Reprinted from “The logic of 

perception” by I. Rock, 1983, Cambridge, MA: MIT Press. 

At first, most observers perceive the circles as rotating within each other. As a result, no depth 
effect is achieved. Eventually, most observers begin to perceive the circles not as rotating within 
each other but rather changing their locations sideways and vertically all the while keeping their 
orientation. Once the perception of static orientation relative to the other circles occurred, the 
perception of depth soon follows. The observer now sees a cone wobbling around a centre axis.  

Although this is considered indirect by the nature of internal mental processes, a more specific 
way of looking at it is that final perception has been derived from previous perceptions rather 
than directly from the retinal image itself. Thus it is indirect. The final perception is not highly 

Time 1 Time 2 
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correlated with the stimulus. Alternatively, final perception in the theory of direct perception is 
highly correlated with the stimulus. The theory of direct perception would have difficulties 
explaining this example as it explains differences in perceptions as the result of differences in 
retinal images.  

1.1.3 Direct perception 

James Gibson takes a radically different approach to perception [11]. His theory, called direct 
perception or the ecological approach, describes perception as “the activity of getting 
information from the ambient array of light…this is quite different from the supposed activity of 
getting information from the inputs of the optic nerves” [11]. Unlike the indirect approach in 
which internal mental processes must take incomplete retinal information and convert them into 
perception, Gibson argues that all of the information necessary to perceive the environment is 
taken directly from it. Some depth information is provided by our movement through the 
environment. Specific visual stimulation is controlled by the surrounding environment and has an 
effect on our spatial behaviour [12, 13]. Gibson explains that the primary pieces of information 
retrieved from the environment are invariants [11]. Invariants are constant properties that we 
detect from the optic array necessary for accurate perception. Gibson explains that “the ecological 
approach to visual perception…begins with the flowing array of the observer who walks from one 
vista to another, moves around an object of interest, and can approach it with scrutiny, thus 
extracting the invariants that underlie the changing perspective structure and seeing the 
connections between the hidden and unhidden surfaces” [11]. Gibson’s explanation of an 
invariant is still vague. Niall explains “the cross-ratio…is the fundamental invariant in projective 
geometry” [14]. A cross-ratio is a mathematical scalar that yields constants from the proximal and 
distal stimulus (object). In figure 2, Cutting uses a schematic display to explain cross-ratios [15]. 

 

 
   Figure 2. Alberti’s window illustrates the concept of invariance, that is, the same constant is 
derived from A’B’C’D and A’B’C’D’ ((AB • CD) / (AD • CB) = (A’B’ • C’D’) / (A’D’ • C’B’)).  

Reproduced from “Perception with an eye for motion” by J.E. Cutting, 1986, Cambridge, MA: 
MIT Press. 

Although Cutting uses Alberti’s window (see Figure 2) as the projection surface, the reader can 
also imagine it as the back of the retina. According to Niall, “the theorem works for spherical arcs 
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as well as straight lines” (personal communication, August, 2007). The constant is the number 
yielded by either side of the following equation;  

(AD*BC)/(AC*BD) = (A’D’*B’C’)/(A’C’*B’D’) (1.1) 

The object in the environment (left side of the equation) yields the exact same constant as the 
object’s projection onto the back of the retina (right side of the equation). Once there, the brain 
can then recognize an object by its constant, no matter which way an object moves or rotates.  

It is important to understand that there is no definitive explanation how we process the 
information we receive into perceived distance. The projections of a 3-D environment onto a 2-D 
surface within the eye present us all with a problem of depth perception. While theories of direct 
and indirect perception present convincing arguments, they are abstract in that they are difficult to 
validate. A more pragmatic approach is the theory of cues to distance estimation, or depth cues. 
While cues to distance estimation can be incorporated into the indirect approach, most literature 
on the subject addresses it independently.  

1.1.4 Cues to distance estimation 

There are cues we derive from the 2-D retinal image of the 3-D environment. These include 
ocular information, stereoscopic (or binocular) information, and monocular cues, which can be 
derived from the effects of perspective projection. At any given moment the environment can 
contain a large number of cues from which the brain must process and derive depth. What 
happens when different cues allow different perception? Which cue dominates? Two theories, 
which seek to explain how the brain determines the most important cue, will be examined below.  

1.1.5 Ocular information 

The first set of cues is based on the location of the eyes themselves, or what Palmer described as 
ocular information [3]. The first type of ocular information is called accommodation. Palmer 
defines accommodation as the process by which the ciliary muscles in the eye control the optical 
focus of the lens by temporarily changing its shape [3]. By being able to change the focus and 
thickness of the lens, becoming thick for close objects and thinner for farther away objects, the 
visual system receives an indication of absolute distance to the object. This cue, however, is only 
useful to a depth of six to eight feet; the lens does not get any thinner beyond this point, and no 
further information can be provided [3]. The second piece of ocular information, also a source of 
absolute distance, is convergence. Convergence is referred to as a binocular cue obtained when 
both eyes focus, or fixate, on an object in the distance. Depth information is derived from the 
angle formed by the line of sight from each eye converging on the object. The angle is larger for 
close objects and smaller for objects that are farther away. Like accommodation, convergence is 
only functional up to a few metres [3].  

1.1.6 Stereoscopic information 

The next set of cues are based on stereoscopic information. Sedgwick refers to stereoscopic 
information, or stereopsis, as the perceptual use of the information provided by the differences 
between the similar but separate fields of view of each eye [16]. The difference between the two 
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fields of view is referred to as binocular disparity. The closer the object, the greater the binocular 
disparity; as the object moves farther away, the disparity decreases. The other stereoscopic cue is 
called Da Vinci stereopsis. Da Vinci stereopsis refers to the binocular viewing of objects in which 
part of the object may only be present in one of the eye’s field of view. This monocular portion of 
the viewed object is always part of the surface that is farther away, giving information on depth. 
Once again, these cues give absolute distance estimation [3].  

1.1.7 Monocular information 

The third set of cues is referred to as monocular cues. These are cues to distance estimation that 
can be derived from a single retinal image. Motion is one way for humans to perceive such 
distance. The general term for this is motion parallax. Palmer defines motion parallax as “the 
differential motion of pairs of points due to their different depths relative to the fixation point” 
[3]. Another set of monocular cues fall under a heading referred to as perspective projection. Due 
to perspective projection, a flat 2-D surface captures several cues that allow the observer to 
perceive 3-D. A good painting or photograph provide examples. Perspective projection is based 
on geometric principles, and consists of a number of cues including: a) convergence of parallel 
lines or linear perspective; b) position relative to the horizon; c) relative size and familiar size; d) 
texture gradient; e) occlusion; f) shadows; and g) aerial or atmospheric perspective.  

a. Convergence of parallel lines, or linear perspective - Parallel lines in perspective 
projection do not remain parallel but rather converge in the distance, toward a vanishing 
point on the horizon [3].  

b. Position relative to the horizon – “the trigonometric relationship wherein the further 
an object on the ground is, the higher in the field of view it looks, with an object at 
infinity being seen at the horizon” [17].   

c. Relative size and familiar size- Relative size, with all else being equal, refers to how 
objects that are farther away appear smaller than objects that are closer, while 
familiar size refers to the depth cue taken from viewing objects of known size [3].  

d. Texture gradient - The texture on a surface area, such as blades of grass or stones on 
a road, becomes less detailed the further away it is from the observer. For example, 
while blades of grass can be individually recognized near the observer’s feet, they 
become a sea of green a few hundred metres out, blending in with the rest of the 
surface area [3]. When an object is placed onto the texture gradient, cues to distance 
estimation can be obtained by its relation to the scale of the ground texture [18]. 

e. Occlusion - Sedgwick explains occlusion as the depth information obtained as the 
result of the placement of objects within the environment in relation to other objects 
[16]. Depth information is obtained by objects partially obstructing other objects, 
which provides relative distance or order of depth.  

f. Shadows - A cue to distance can be given by the way an object’s shadow falls on 
another object or surface [3].  
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g.  Aerial, or atmospheric, perspective – refers to the increasing indistinction of objects 
with distance. In other words, there is a decrease in contrast with distance, 
converging to the colour of the atmosphere, which is determined by the moisture 
and/or pollutants between the person and object [19]. 

Given the vast amount of depth information that can be presented to an observer in any given 
environment, how does the brain determine which of the cues are the most important? There are 
several theories, two of which will be presented here. Cutting and Vishton touch on an old 
classification system in which cues are simply designated as primary or secondary cues 
depending on their importance [20]. They list the primary cues as being motion perspective, 
convergence, accommodation, and binocular disparity. The secondary cues include; occlusion, 
relative size, relative density (which concerns the projected retinal density of a cluster of objects), 
height in the visual field, and aerial perspective. One can think of the secondary cues as being 
pictorial sources of information. Some cues have been left out of this list (e.g. texture) as Cutting 
and Vishton felt that they are a combination of the cues already listed. A more modern theory is 
examined by Jacobs in which the distance cues are weighted [21]. He explains that when there are 
multiple cues in the environment, we must be able to integrate them efficiently by assessing the 
reliability of each cue. The more reliable the cue, the more weight the observer places on it. A 
“cue is regarded as reliable if the inferences based on that cue are consistent with the inferences 
based on other cues in the environment…this hypotheses assumes that consistency among cues is 
unlikely to occur by accident” [21]. Cues are unreliable when they have greater ambiguity. This 
ambiguity can result from atmospheric or optical blurring. Once the cues have been “weighted” 
from least reliable to most reliable, we can confidently perceive depth. 

1.1.8 Summary of the theories of perception 

At this point, it would be useful to summarize the indirect, direct and cues to distance theories and 
how they relate to one another when perceiving depth. To recap, indirect theories of perception 
postulate that humans perceive the third dimension (depth) through internal mental processes that 
begin when the ambient optic array contacts the 2-D surface of the retina. The primary sources of 
information in the environment used in this theory are the cues to depth perception [15]. 
According to Cutting, the word “cue” was first used in a sixteenth century theatre document to 
mean a way to prompt an actor. In this way, the word “cue” alone implies an inferential (indirect) 
approach as it implies incompleteness. The direct theory argues that all of the necessary 
information to perceive depth is available in the ambient optic array, or the environment [11]. The 
primary sources of information derived from the environment are the invariants, the mathematical 
constancies of an object, which do not change from the distal to the proximal stimulus [14, 15]. 
The perception of depth is achieved when the brain recognizes that although the constant for a 
particular object (e.g. car) is the same at any given point in time, the constant does get larger or 
smaller as it travels to or from the observer. The observer’s brain recognizes when a constant is 
small and therefore in depth or large and therefore nearby. Finally, the third, and most practical 
theory on depth perception is, distance cues. There are several cues which humans use to derive 
the third dimension including relative size, horizon line, and texture gradient.   

In the present experiment, flashes of light will be presented to the subject in a reduced-cue 
simulated NVG environment. Subjects will be required to estimate the distances from themselves 
to the flashes of light. By examining the three theories of perception (indirect, direct and cues to 
distance) one can begin to imagine how a champion of each theory might explain the outcome of 
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the experiment. Direct perception theorists would argue that all of the information necessary to 
accurately estimate the distances may be present in the form of invariants. However, since the 
subjects cannot explore the environment, and the environment is a virtual one (meaning that 
invariants may not be precise), estimations may not be accurate. The accuracy of the invariants is 
in question because a simulation is susceptible to error and imperfections. Since the accuracy of 
the invariants are in question and subjects do not explore the simulated environment, proponents 
of the direct perception theory may say that no improvement would be made in the subject’s 
estimations. The indirect perception theorists would say that initial estimations may be inaccurate 
because of the reduced cue environment. Subsequently, subjects would learn through feedback 
and the internal mental processes taking place, how to perceive the distances accurately. 
Perception theorists that focus on cues to distance would say that accurate estimations would be 
very difficult as there are only a few cues in the simulated environment. However, since the 
horizon line cue has been shown to be a strong cue, accurate distance estimation may still be 
possible [22]. With the addition of simulating the characteristics of NVGs in the virtual 
environment, perception theorists would argue that NVGs would only amplify the affects of the 
virtual environment, further deforming the invariants and reducing the distance cues available. 
Since NVGs degrade distance cues, their characteristics will now be examined as they lead to 
further difficulties in the perception of depth.  

1.2 Characteristics of night vision goggles (NVGs) 

Night vision goggles provide an enormous advantage on today’s modern battlefield to those who 
possess them. In an environment like Afghanistan, where insurgents have very little night vision 
capability, access to NVGs provides Canadian and Allied troops a decisive tactical advantage. 
Although NVGs are used extensively throughout the military, this experiment focuses on the 
infantry soldier. How NVGs amplify light is beyond what a soldier is required to know; however, 
they are aware that NVG’s allow the user an illuminated view of an otherwise dark environment. 
The advantage provided by night vision devises unfortunately comes at a price. The components 
and characteristics that provide the illumination also degrade the perception of depth by reducing 
visual acuity and the number of distance cues available [23]. Therefore, the components and 
characteristics of NVGs are an important topic for review.  

1.2.1 Components of NVGs 

NVGs amplify low levels of light, typically from light sources such as starlight, moonlight and 
man-made sources. There are several types of NVGs, including different generation models. The 
generation classification tells the user whether they are using older less sensitive NVGs 
(generation II) or newer ones (generation III). Currently, the military is using both generation II 
and III models; the NVGs in this experiment simulate a generation III model. NVGs are generally 
constructed using similar components. These components include the image intensifier tube, the 
objective lens, and the eyepiece. The image intensifier tube consists of a photocathode, a micro-
channel plate (MCP), a phosphor screen and a fibre optic twister. The process of light 
amplification begins when the light photons reflect from surfaces in the environment and enter 
the objective lens. The image is inverted when it passes through the objective lens and hits the 
photocathode tube, which turns the light photons into electrons. These electrons enter the MCP 
and begin striking its walls. The MCP, which contains millions of glass pores, releases several 
electrons every time a single electron hits it. In turn, the released electrons hit the wall once more 
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releasing more electrons. This cascading effect occurs in each of the glass tubes of the MCP [23, 
24]. These electrons will then exit the MCP and strike the phosphorus screen, where they are 
converted back into visible light (photons) as the result of the phosphor being excited by the 
absorbed electrons. Finally, the image is inverted upright again by the fibre optic twister and exits 
through the eyepiece lens [25].  

1.2.2 Factors that degrade the effectiveness of NVGs 

The process of light amplification described above results in an image which has been 
transformed by the components of the NVG, making it an indirect representation of the real 
world. In many respects the indirect image has been enhanced; however, in other aspects it has 
been degraded. This degradation is of primary concern to the users of NVGs and to those that 
study their effects. As NVGs are complex pieces of equipment, there are many technical and 
psychophysiological factors affecting the performance of even the most advanced NVGs. Factors 
which  degrade  NVG  effectiveness  compared  to  the  naked  eye  include:  a)  reduced  field  of 
view (FOV); b) distortions; c) light spectrum sensitivity; d) scintillation; e) automatic gain 
control; f) input/output relationships; g) “halo” effects; h) monochromatic vision; i) bright or dark 
spots; and j) luminance differences.  

a. Field of view (FOV) - The FOV for a normal human being is around 200 degrees 
horizontally and 120 degrees vertically. This is significantly larger than the 40 
degrees horizontally and vertically that the NVG FOV provides. This restriction in 
the FOV reduces the amount of visual cues to which the user is exposed to, and 
degrades the user’s ability to perceive distance [23]. Another problem identified, is 
the trade-off between a larger FOV and resolution [24]. Since there are a finite 
number of pixels available, the increase in FOV would cause the limited pixels to be 
dispersed over a larger area, resulting in a decrease in resolution.  

b. Distortions - Distortions can cause the user significant problems in trying to 
determine distances. There are several types of distortion, which include: barrel, 
pincushion, and shear or “S” distortions [24]. Pincushion and barrel distortion result 
in otherwise straight lines appearing curved. This can occur when the fibre optic 
twisters in each tube twist in differing directions. While looking at the image, the 
effects of these distortions seen by the user can be conceptualized by the following 
images of a square lattice: 
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Figure 3(a): Barrel distortion.  

 

Figure 3(b): Pincushion distortion.  

  

c. Another common distortion is shear or “S” distortion. Task explains that “S” 
distortion is caused by a less-than-perfect 180 twist in the NVGs fibre optic twister 
[24]. The twister is necessary to rotate the inverted image back to its original 
alignment before exiting the eyepiece. As the name suggests, straight-line inputs into 
the NVG turn into “S”-shaped outputs.  

d. Light spectrum sensitivity – Due to the “spectrum sensitivity of the photocathode, a 
light source may appear the same to an aviator using NVGs, whether it is bright and 
close or dim and far away”[25]. 

e. Scintillation or noise - Another factor that reduces the image quality in all NVGs, 
refers “to the random sparkling especially evident to a user under high gain 
conditions and is due to thermal emission from the photo cathode” [26].  

f. Automatic gain control - Sudden bright light may also cause significant problems to 
image quality. NVGs attempt to manage fluctuations in light through the automatic 
gain control, however, as bright light forces the automatic gain control circuit to turn 
down, the image quality will decrease [23].   

g. Input/output relationships – Another problem that can arise due to the automatic gain 
control occurs when the NVG nears the end of its life cycle. When the NVG is new, 
the gain, which is the ratio of the signal input to signal output, remains constant. 
Therefore, when the gain is increased, both the signal and noise level will increase to 
the same amount. However, when the NVG nears the end of its life cycle, an increase 
in the gain will result in a higher increase in the noise level than the signal level [25].   

h. Halo effects - Bright light, sudden or otherwise, can cause a “halo” effect. A halo is 
visible to the user as insular bands of light surrounding the bright object [23]. The 
United States Aviation Training Center’s (ATC Mobile) NVG User Guide 2003 
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presents several halo characteristics which may cause confusion when attempting to 
determine distances [27]. Some of these characteristics are that: bright lights will 
appear closer than dim lights even if they are at the same distance; lights of different 
colour will produce different halo sizes even at the same distance; at low illumination 
levels the autogain will intensify the halo effect, causing the halo to appear closer; 
and obscurants have a variety of effects on halos. For example, moisture will cause 
the halo to be larger but less intense while smoke can result in smaller halos by 
blocking some of the energy. Furthermore, halo sizes do not change as distance 
increases or decreases from the observer to the halo (see appendix A).  

i. Monochromatic vision - The virtual image that the user sees through NVGs are 
composed of shades of green; this causes difficulties in distinguishing colour-coded 
information in the environment [23]. For an infantry soldier, this could be 
problematic, as platoons often identify themselves with different coloured glow sticks 
behind their vehicles.  

j. Bright or Dark Spots - Image defects can occur during the manufacturing process 
which result in bright or dark spots in the optics [23]. 

k. Luminance differences - Luminance differences between the two tubes can cause the 
Pulfrich effect. The Pulfrich effect is the classical phenomenon in which an “object 
oscillating back and fourth in a frontal plane appears to move along an elliptical path 
in depth when images are delayed in one eye” [28]. The classical explanation of this 
effect is caused when the information about the oscillating object, contained in the 
optic array, passes through an attenuating filter in front of one eye. As a result, a time 
delay is caused as the optic array takes longer to hit the retina with the filter than the 
eye with no filter. This causes the object on the filtered retina to appear to lag behind 
the image of the same object on the non-filtered retina (see fig 3). Combined, the 
brain perceives the object as being in between the two retinal positions and either 
closer to the observer while traversing right or farther away while traversing left 
resulting in the perception of an elliptical path [29, 30]. With NVGs, the luminance 
difference between the two tubes can cause this effect. Only a luminance difference 
ratio of 1.26 is required for the effect to be seen [31]. 
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Figure 4. The Pulfrich effect. An object osculating back and fourth appears to traverse in an 

elliptical path as the result of a delay in one eye. Reproduced from “Joint-encoding of motion and 
depth by visual cortical neurons: neural basis of the Pulfrich effect” by A. Anzai, I. Ohzawa, and 

R.D. Freeman, 2001, Nature Neuroscience, 4(5). 

While NVGs improve visual acuity in low light levels, they can also lead to degradation of depth 
cues, reducing the user’s ability to accurately estimate distances. Since distance estimation is a 
critical skill that soldiers must possess in order to effectively engage the enemy, researching the 
effect of NVGs on distance estimation is essential. As the overall aim of the ADDNS-TD project 
is to provide a new simulation with night vision capability, an understanding of distance 
estimation in the simulated environment is also imperative. The research outlined below presents 
findings in the areas of distance estimation, feedback training, NVGs and simulated 
environments. This includes the differences between several types of distance cues, distance 
estimations with simulators versus real world or NVGs, various methods of training and how long 
the training persists. These topics lay the groundwork for the present experiment.  

1.3 Research review 

1.3.1 Previous research 

NVGs are often used in extreme environments where the lives of the men and women using them 
depend on knowing and understanding their effects. The majority of experiments conducted with 
NVGs have focused on making improvements to flight safety for pilots, however, a great many of 
the experimental findings can be applied to other aspects of the military where NVGs play a 
critical role. This experiment seeks to address questions about distance estimation by infantry 
soldiers using NVGs in a simulated environment. In earlier sections, we have explored 
psychophysiological and mechanical factors that affect human vision and NVG use. The focus of 
this part of the review is to examine prior research as it applies to distance estimation and NVGs 
or a simulated environment. Research will be outlined in chronological order, laying the 
groundwork for the experiment. 
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Reising and Martin were the first to examine the effects of training on distance estimation while 
using NVGs [32]. They wanted to determine if pilots and navigators could be trained to 
accurately estimate distances while wearing NVGs in a real-world environment. They determined 
that the critical distance for this experiment was 40-60ft, since this represented the typical range 
of rotor blade lengths. Although previous studies had come to the general conclusion that 
estimations were significantly worse while wearing NVGs, Reising and Martin wanted to 
determine if subjects could be trained to accurately judge these distances. Reising and Martin also 
tested to see whether or not there was a significant difference between egocentric and exocentric 
distance estimations. The results determined that training was effective in reducing estimation 
errors (48% reduction), however, there were still significant errors made in the critical distances 
(40-60ft). Results showed a tendency to underestimate egocentric distances and to be more 
accurate with exocentric estimates. The experiment used a “calibration training procedure” in 
which the subjects were brought to a training area (after the pre-test in which baseline scores were 
determine) and shown what the various distances looked like before going back to the test area 
for the post-test. This form of training may not be the most effective, as was recognized in their 
conclusion. As well, the post-test was administered immediately after the training. This puts into 
question whether training can persist over a period of time. Finally, Niall explains that the 
dependent measure used in this experiment, the mean absolute error, resulted in significant effects 
where there were none significant [33, 34]. When the absolute error was used there was an 
interaction between the test and group means. This interaction was interpreted as an improvement 
when, in fact, it was the result of the variability of error scores. When using the signed error as 
the independent measure, which distinguishes the mean tendency of errors from their variability, 
most of the results became non-significant. The one effect that remained between pre and post 
tests was that the variability of signed errors became lower for the treatment group. 

To better understand the effects of training in a reduced-cue simulated environment, Witmer and 
Kline studied distance estimation both in a simulated environment and in the real world [35]. 
They were particularly interested in the importance of texture and object size cues (a cylinder 
object was used in this experiment) in performing perceived distance judgments. Perceived 
distance judgments refer to tasks in which static observers estimate distances between themselves 
and stationary or moving objects. Witmer and Kline manipulated the texture in the simulated 
environment in several ways. They presented the simulated hallway as having either texture or no 
texture (control). The texture itself was given elements (designs) that were either continuous or 
intermittent, as well as either coarse or fine. The size of an object could be either small or large, 
as a variable. When examining distance estimation in a simulated environment versus in the real 
world, Witmer and Kline found that subjects underestimated distances to a greater extent in the 
simulated environment than the real world. Overall, subjects in the simulated environment 
estimated 47% of the true distances, compared to subjects in the real world, who estimated 72% 
of the actual distances. This was determined by calculating the aggregate relative error;  

Relative error = (Distance estimation – True distance)/True distance.                          (1.2) 

The relative error was generally larger when the distance that needed to be estimated was longer. 
Real world performance tended to provide better estimates, as there were more distance cues than 
in the simulated environment. In the real world, subjects had access to motion cues such as 
motion parallax as they moved their heads, a wider FOV, and the presence of more familiar 
objects (e.g. office doorways in the hallway). Witmer and Kline also found that while the texture 
in the simulated environment did not significantly affect distance estimation, the size of the object 
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did [35]. Participants greatly misjudged the distance to the large cylinder when it was viewed at a 
distance of 10ft compared to the smaller cylinder, than at greater distances. This caused an 
exception to the finding that relative error increased with distance. They postulated that when the 
large cylinder was viewed from a distance of 10 ft, it may have appeared so large relative to the 
farther distances that it resulted in the subjects perceiving it as much closer and larger than it 
actually was. This perception may have been what caused the participants to grossly 
underestimate  the  distance  of  the  large  cylinder  at  10ft.  Overall,  their  work  implies  that 
humans cannot effectively perceive distances in a reduced cue simulated environment in the 
absence of feedback.  

Waller expanded upon the previous work of Witmer and Kline by examining exocentric distance 
estimations in simulated environments [36]. Waller manipulated several variables, including: 
conducting the experiment on a desktop computer as against an immersed virtual environment 
(display mode); conducting the experiment with either the presence or absence of a grid (a cue to 
distance estimation); and conducting the experiment to compare male and female subjects. The 
presence or absence of a grid significantly affected the accuracy of the estimations, however, 
display modes and gender did not. He also found that across all subjects there was significant 
overestimation of exocentric distances. At first this appears quite unusual compared to the 
commonly found result that estimations in virtual reality are underestimated. Waller explains, 
however, that for the first experiment he gave feedback to all of the subjects during the trials but 
did not introduce it as a variable. He noticed that on the first two trials distances were 
underestimated, for the remaining trials distance estimations were overestimated. He then 
speculated that subjects began to overcompensate for the rest of the trials as the result of the 
feedback. Waller then conducted a second experiment that examined the effect of feedback on 
distance estimation by giving feedback to one group but not the other. He also concurrently 
examined the effect of the subject’s Field of View (FOV). The results clearly indicated that 
feedback had a highly significant effect while FOV did not. Waller concluded that, given proper 
feedback, a wide enough FOV and the ability to move in the environment, near perfect estimation 
could be achieved.      

Niall, Reising, and Martin examined the effects of immediate and direct feedback on an outdoor 
distance estimation task while using NVGs [34]. The experiment manipulated variables that 
included making exocentric versus egocentric distance estimations, as well as making estimations 
from the ground plane versus an elevated platform. The experiment also evaluated whether the 
effects of immediate feedback persisted for up to one week. Results initially demonstrated that 
there was underestimation, but that subjects quickly learned through immediate feedback to 
estimate distances to near perfect performance. There was also a small difference in error between 
egocentric and exocentric distance estimation, with exocentric estimates being more accurate. 
Niall explained that these effects could have resulted from foreshortening of egocentric 
estimations, that is, the “aggregate effect of perspective that impedes estimation of distance” [34]. 
This foreshortening can also be expressed using the cosine function, which expresses the 
geometry of perspective foreshortening. 
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Figure 5. Cosine = Adjacent/Hypotenuse 

The cosine in egocentric lengths is the angle found between the lines formed from the observer’s 
feet and eyes (adjacent length) and the line formed from the eyes to the target (hypotenuse 
length). An increase in distance from the observer’s feet to the object (the opposite length) results 
in a small change to the cosine. This results in a compression of distance as the observer is 
looking endwise to the object [34]. The cosine of exocentric lengths is the angle found between 
the line formed from the observer’s eyes and the first object and the observer’s eyes and the 
second object. In exocentric distances, when the distance increases between two targets (the 
opposite length), very little foreshortening occurred, resulting in greater accuracy than egocentric 
estimation. Niall concludes that egocentric and exocentric distance estimations differ from each 
other primarily as the result of geometry rather than psychology. Niall also reported no significant 
difference between subjects tested at eye-height and those tested on an elevated platform. Niall 
(personal communication, April, 2007) believes that the results obtained for the eye-height 
variable were insignificant because the elevated platform was not high enough. Finally, the 
effects of immediate feedback were found to persist for up to a week, which gives credence to the 
value of such training within a military context. 

Messing conducted experiments that sought to determine the effect of several cues on distance 
estimation [22]. In one experiment, he presented subjects with either a live, photorealistic video 
image of a hallway through a head mounted display or the real world hallway viewed through 
both restricted and unrestricted FOV monocular conditions. They were then asked to walk to a 
target located along the floor. The photorealistic video image condition resulted in significant 
underestimation, or compression, of distance estimation. Messing did not find a significant 
difference between restricted and unrestricted viewing conditions. This suggests that neither the 
restricted field of view nor the level of realism may be responsible for the underestimation. 
Messing hypothesized that it was perhaps the system’s lens that caused the underestimation. The 
lens could not automatically adjust to where the eyes were focusing in the simulated environment 
and thus eliminated the accommodation cue (the process through which the ciliary muscles in the 
eye control the optical focus of the lens by temporarily changing its shape and thereby giving us 
an indication of absolute distance to the object). In the second experiment, Messing found that the 
manipulation of the horizon line affected both verbal and motor distance estimations. By lowering 
the horizon line, he reduced the angle from the object to the horizon, thus, resulting in the 
perception of an increase in distance from the observer to the object. Therefore, using basic 
trigonometry Messing demonstrated the importance of the horizon line as a distance cue.  
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In a recent study, Richardson and Waller conducted research into the effect of feedback training 
on distance estimation in a simulated environment [37]. Their first experiment aimed to answer 
several questions using a direct blindfolded walking task to estimate distances (instructed to walk 
to a target, blindfolded, after having time to visually analyze its position). They include: (1) 
would error-corrective feedback improve the accuracy of distance estimations in a simulated 
environment? (2) would training persist for one week? and (3) would feedback for one type of 
distance (e.g. exocentric judgments) influence the accuracy of another type of distance 
estimation? In their second experiment, subjects were given direct blindfold walking tasks and 
indirect blindfold walking tasks (blindfolded, instructed to cross a path oblique to the target and, 
when instructed, turn and face the target and walk several steps towards it). They wanted to 
determine whether giving error-corrective feedback during directed walking tasks also 
significantly improved indirect walking feedback. In both experiments the main dependent 
measure used was the subject’s mean proportional error in judgment, defined as the estimated 
distance divided by the actual distance. The results of experiment one indicated that error-
corrective feedback improved distance estimation in simulated environments. This was especially 
evident in egocentric distances, in which the subject’s immediate post-test mean proportional 
error was 1.02, up from the pre-test estimation of .58. Exocentric estimation also improved from 
.90 to .98. Training persisted for a week, for both egocentric and exocentric estimations. 
Egocentric feedback, giving the correct distance to the subject immediately after their estimate, 
primarily improved egocentric estimations, and exocentric feedback, likewise, primarily 
improved exocentric estimations. In other words, when subjects were given exocentric feedback 
while performing egocentric estimations, there was little improvement. Richardson and Waller 
believe that these results support the notion that exocentric and egocentric distance estimations 
involve separate mental processes. Likewise in Experiment 2, direct and indirect blindfolded 
walking showed the same initial accuracy. After feedback training was provided, only the 
walking task that received feedback (in this case direct walking) significantly improved from .47 
in the pre-test to .89. Richardson and Waller concluded that training did not affect perceived 
distances to objects, but rather how the subjects processed the visual information using a higher-
level cognitive process. For example, if subjects were continually underestimating egocentric 
distances by half, a simple higher-level cognitive strategy would be to tell oneself to double the 
estimates no matter how far it really looks. This would also explain why transferring this strategy 
to exocentric distance estimations didn’t work, because those estimates were significantly closer 
to the actual distances compared to egocentric estimations.  

In another recent experiment, Allen and Rashotte conducted research to determine if pictures 
could train metrically accurate distance estimation and whether this training could transfer from a 
pictorial base to real world [38]. They did this by comparing three different feedback methods, 
including: direct verbal feedback in the field, indirect visual feedback consisting of presentation 
of labelled markers in the field, and indirect visual feedback consisting of presentation of labelled 
markers in pictorial depictions of the field. For all conditions, subjects were given a pre-training 
baseline, and then received one of the three training variables stated above. Finally, subjects were 
given a post-training test in a novel setting to see if the training had transferred. Once a session 
was completed, subjects were immediately escorted to the next one, time intervals between 
sessions were not recorded. There were also two control groups in this experiment. One group 
gave estimates in the field setting without any feedback while the other gave estimates in the 
pictorial setting, also without feedback. Allen and Rashotte hypothesized that while verbal and 
indirect feedback in the field setting would show comparable results, the pictorial condition 
would show slightly less effectiveness as the result of degradation or distortion of texture cues in 
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pictures. The results showed that all three feedback methods yielded similar improvement in 
distance estimation skills despite the decrease in texture cues found in pictures. This skill also 
transfers from field to field and from picture to field. The control groups did not demonstrate 
these improvements. Allen and Rashotte conclude by pointing out that these results make it 
reasonable to believe that distance estimation skills can be readily transferred from virtual reality 
to the field. However, they also point out that much like Richardson and Waller it is more 
accurate to state that the results pertain to the specific feedback method used [37]. 

1.3.2 Research summary 

The research reviewed indicates several well-established findings about distance estimation while 
using NVGs or a simulated environment. Primarily, distance estimations while using either NVGs 
in the real world or unaided vision in a simulated environment both resulted in an underestimation 
of distances [22, 32, 35, 36, 33, 34, 37]. Further, when subjects were given exocentric feedback 
while estimating egocentric distances, there was little improvement [37]. These findings suggest 
that egocentric and exocentric estimations may be processed differently in the brain [37]. This 
would mean that training would need to be specific to the type of estimation being made for there 
to be an effect. Feedback training also resulted in reduced errors in distance estimation while 
using pictures, NVGs or a simulated environment [32, 36, 34, 37, 28]. Research also suggests that 
the reduction of distance cues appears to affect distance estimation; yet, the impact of individual 
cues is not fully understood. Some cues, such as the horizon line appear to affect distance 
estimation more significantly than others [22] (for example texture, [35]). This may be because 
the horizon line is generally constant as is the angle formed from the observer’s feet to the 
horizon line. Changes to the angle formed from an object to the horizon are a strong cue for 
distance estimation. Research in this area has been contradictory; research that sought to examine 
the effects of a restricted field of view came to different conclusions regarding the impact of the 
FOV [22, 36]. A complete understanding is a long way off.  

DRDC seeks to expand knowledge in the areas of science and technology in order to provide the 
Canadian Forces with new defence capabilities. This is evident in the present studies at DRDC in 
which the perception of distance in a simulated NVG environment is being studied. Other DRDC 
studies have focused on exocentric distance estimations between fixed sources of light. This study 
takes a different approach by examining egocentric distance estimations to flashes of light. In 
previous studies, the subject had time to study the target and formulate an estimate; the effect of 
having limited exposure to the stimuli has not been tested. Not only will the subjects be restricted 
by time and the need to use visual memory, but the light flashes may also give the subject 
insufficient time to focus on the flash, thus relying on the less visually acute rod photoreceptor 
cells. Time is an important aspect when trying to replicate real-life situations. In combat, soldiers 
do not always have time to access higher levels of cognitive processing to estimate distances.  

There are several drawbacks and limitations to the present experiment. The first limitation is that 
not all factors that help in distance estimation can be replicated in our simulated environment, 
which may be available in more modern military simulators. For example, auditory cues cannot 
be replicated for this experiment. What soldiers know as “crack and thump” provides an 
extremely useful cue: when an enemy fires his weapon, a soldier can estimate how far away the 
enemy is by hearing the round ignite in the chamber (crack) and the sound of the round breaking 
the sound barrier as it passes by (thump). As well, the program is fairly accurate in its modelling 
of halos, but not blooming (the haze produced by lights while wearing NVGs). Another limitation 
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is that light flashes will not be an exact replication of a real muzzle flash. The speed of a flash in 
the field is variable as the result of the type of round used, the temperature of the barrel, carbon 
build-up and the general wear and tear of the individual weapon (personal communication: 
Captain Bird, technical adjutant of CTC Gagetown, February, 2007). The speed of the simulated 
flash is therefore an estimation of an average real life small arms muzzle flash. The flash itself 
resembles a light source that had been programmed for earlier research, and has not been 
programmed to exhibit the exact characteristics of a muzzle flash.  

We will be measuring egocentric distance estimation by verbal estimate. Some researchers feel 
that verbal estimates (including responses entered into the computer on a keyboard) are often not 
the best method to estimate distance compared to visually directed action, such as reaching, 
throwing, and locomotion [37]. The method of measuring the perception of distance will not play 
a factor in the present experiment. Soldiers will at no time estimate distances to the enemy by 
using visually directed action. Measurements will be taken from the subject’s computer input by 
means of a keyboard. 

1.4 Summary and statement of experimental intent 

DRDC is conducting several experiments to investigate the effects of NVG use on perception. 
Much of the research has focused on the difficulties in estimating distances while using NVGs, 
both in field studies and in a simulated environment. The present experiment will build upon 
previous research to better understand human ability to judge distances in an environment 
simulating NVGs. 

The research questions are: 

1. Do subjects who have undergone training demonstrate greater accuracy in using NVGs to 
judge distances from themselves to a flash of light than subjects who have not undergone 
training? 

2. Will there be a difference between the flash types as to the accuracy of the estimations? 

3. Will there be a difference between the sessions due to training? 

4. Is there a difference in the accuracy of the subject’s estimations between flashes below the 
horizon and flashes above the horizon? 

This experiment is significant to soldier training, as infantry soldiers must often judge distances 
from themselves to the enemy in order to accurately return fire and pass on the enemy’s location. 
Muzzle flashes are one of the few ways of detecting the enemy at night. If it is shown that 
distance estimation training using a simulated environment is effective, it will provide support for 
investment into new simulators used in soldier and pilot training. 

1.5 Hypotheses 

Four specific hypotheses follow on the research questions:  
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1. Subjects who have received training will demonstrate greater accuracy when judging 
distances in a simulated environment than subjects who have not been given training. 

2. There will be a significant difference between the flash types. Subjects will demonstrate 
greatest accuracy when presented the prolonged flash and least accurate when presented the 
single flash. 

3. Subjects will show significant improvement between the pre-training session and the 
remainder of the sessions. 

4. Subjects will demonstrate greater accuracy estimating distances to flashes below the horizon 
than above the horizon. 
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2 An experiment 

2.1 Subjects 

Eighteen volunteer subjects were tested in the experiment. Subjects were given a standard DRDC 
allowance of $28.38 for a two-day minimal risk study that took a total of two hours. There were 
no special characteristics of potential subjects. The following subject demographics were 
recorded; (1) age, (2) gender, (3) military or civilian status, (4) use of corrective lenses, and (5) 
previous experience with NVGs. Ages ranged from 19 to 49 with a mean of 31.4 years. Of these 
18 subjects 2 were female and 16 were male, 13 were military and 5 were civilian, 12 wore 
corrective lenses and 6 did not (it was not made explicitly clear to the subjects that by indicating 
they wore corrective lenses meant they were currently using them for the experiment). Finally, 8 
had previous experience with NVGs and 10 did not.  

Subjects were Department of National Defence (DND) employees located at the DRDC building 
in  Toronto  and  across  the  street  at  Denison  Armouries.  Denison  Armouries  consists  of  the 
Joint Task Force Central Area (JTFC) and Land Force Central Area (LFCA) Headquarters (HQ), 
32 Canadian Brigade Group (CBG) HQ and various organizations within 32 CBG. Recruitment 
occurred by word-of-mouth and e-mail. A more active campaign which consisted of distributing 
call-for-subjects flyers was planned in case of difficulties recruiting by word-of-mouth alone. An 
example of a call-for-subjects flyer can be seen in appendix B. The experimenter recruited 
military subjects for the study, while the research assistant (RA) recruited civilians. Military 
subjects set up their appointment time through the experimenter while the RA did the same for 
the civilians. Throughout, the experimenter and RA maintained close communication to ensure 
there were no scheduling conflicts.   

2.2 Design 

In this experiment, the effects of four independent variables were examined in a simulated NVG 
environment. The screen captures in figures 2.1 and 2.2 illustrate the horizon line, an example of 
a flash and the ground and sky textures. The horizon was determined by where the ground plane 
meets the sky plane at eye level (set to be 1.5 metres). The independent variables were; (1) the 
sessions; pre-training, training, post-training, and two-week post-training, (2) flash location; 
whether the flashes were above or below the horizon, (3) training; whether training was received 
(experimental group) or training no feedback (control group), and (4) flash types; 5 flashes, a 
single flash, and a prolonged flash. The experiment was therefore a 2 x 2 x 3 x 4 mixed factorial 
design. The sessions, the flash location, and flash type were the within-subjects variable (with 
four, two, and three levels respectively). The training variable, training or no feedback, was the 
only between-subjects variable (with two levels).  

In each session, the subject was presented the flash type both above the horizon (see figure 6) and 
below the horizon (see figure 7) in order to determine whether there was a significant difference 
between estimating the flash against the ground texture or the sky texture.  
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Figure 6. Above the horizon flash  

 
Figure 7. Below the horizon flash 

In each session and flash location, subjects were given 10 exposures to each flash type. Therefore, 
each subject was exposed to 60 flashes per session for a total of 240 flashes for the entire 
experiment. The program could not randomize and balance when the flash occurred above or 
below the horizon. Instead, each session consisted of completing all of the above the horizon or 
below the horizon exposures separately. The order in which the subject received either the above 
the horizon or below the horizon was randomly determined (see appendix C).  
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Subjects were not provided training or feedback in the pre-test, post-test, and two-week post-test 
conditions. Feedback was provided during the training session to the experimental group but not 
the control group; this session was called “training, no feedback”. In the training session, the 
experimental group was provided the actual distance to the flashes of light immediately after the 
subject made his or her estimate. Feedback was given in the same dialogue window used to enter 
the estimated distance (see Figure 8). If feedback was not provided, the feedback box would read 
“no feedback” (see Figure 9). The placement of a subject in the experimental or control group 
was determined sequentially (i.e. the first subject received the training while the second subject 
did not; the third subject received training and so forth).  

 
Figure 8. Dialogue window with feedback 
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Figure 9. Dialogue window with no feedback 

The computer software recorded the distance estimations which the subjects typed, and calculated 
the main dependent measure; estimated distance minus the actual distance, in meters. This 
measure is signed, meaning that it is a difference measure, which takes on both positive and 
negative values. After each session the computer produced a data file containing the main 
dependent measure. Each data file was also manipulated by the research assistant (RA) to include: 
the day the experiment took place, the difference ratio (estimated over actual distance), and the 
log of the distance ratio (see appendix D for an example of a data sheet). The format of the data 
file also contained the subject’s demographic characteristics, Cartesian coordinates for the subject 
and flash (the location of the subject and flash relative to each other in the simulated 
environment),  as  well  as  information  pertaining  to  which  variables  were  present  for  each 
trial (i.e. above or below horizon, the flash type, etc).  

2.3 Setting and Appartus 

The experiment was conducted in a small lab, approximately 10 x 14ft, at DRDC Toronto. There 
are several desks in the room, one of which held the computer used in the experiment. As you 
enter the lab through the revolving darkroom door, the desk with the computer used in the 
experiment (and a back-up computer) is located to the immediate left. Several florescent lights are 
located on the ceiling and a small window is located above the research assistants’ desks at the 
back of the room. In order to create an environment resembling night time conditions, the 
overhead fluorescent lights were shut off and the black vinyl blind over the window was shut. 
During the conduct of the experiment the desk and computer were situated such that the subject’s 
back faced the RAs to avoid distractions. The arrangement allowed the RA to monitor the 
subject’s progress and to know when a session had been completed.  
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The  computer  used  was  a  Dell  Optiplex  GX280  3.20 GHz  Pentium 4  desktop  computer 
with a 19-inch Dell flat panel monitor, model number 1905FP; the tower was also located on the 
desk for easy access to the USB port. After the subjects were presented with the stimulus on the 
monitor, they entered their distance estimations on a conventional keyboard and mouse. There 
was no instruction given to the subjects as to how far they were to sit from the computer screen. 
Once seated, the subjects were free to adjust their positioning so that they were comfortable. 

The software used in the experiment was created by Array Systems Computing Inc., contractor to 
DRDC. The simulated environment was an open field (see Figure 6) at night as seen through 
NVGs. There were very minimal distance cues available to the subject. Primarily, the subject had 
the horizon line and textured ground and sky planes. Within the simulated environment, the 
subject’s eye height was 1.5 metres. The stimulus was a flash of light, presented as either five 
flashes in a row, a single flash, or an 8 second prolonged flash. The speed of each of the five 
flashes and the single flash was .10 seconds. The FOV was 40 degrees horizontal and vertical 
with  the  stimulus  randomly  presented  from  5  to  300  hundred  meters  away  from  the 
subject. The stimulus was located either 5 meters above the ground plane when it was presented 
below the horizon and 3.8 meters above the ground plane when it was presented above the 
horizon (see Figure 10).  
 

 
 Figure 10. 3-D diagram of the simulated environment using perspective projection. 

Shaded dots indicate flashes. 

The height of .50 meters off the ground plane was necessary: anything less caused a distortion 
which resulted in the flashes on the side of the screen to appear larger than the centre ones. This 
distortion is caused by the conditions (i.e. height of stimulus of the ground plane, FOV etc…) of 
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perspective projection by which the larger virtual world is projected onto a smaller computer 
monitor. The 3.8 meter height was chosen; anything higher than this caused the flash at 5 meters 
from the subject to appear off-screen.  

2.4 Procedure 

Once recruited by a member of the research team, a participant package was e-mailed to the 
subject (see appendix E) including the consent form. The experimenter and the RA would then set 
up a date and time for each subject. On the day of the experiment, the subjects would arrive at 
room 1007. The RA followed a checklist in order to ensure that each subject was treated 
identically, please refer to appendix F.  

Once satisfied the experiment could proceed, the RA would provide the subject a paper with 
instructions (see appendix G) explaining the procedure for each of the sessions, including how to 
use the computer. Once the subject had a chance to read the instructions, the RA then provided 
the following information: 

a. The subject is standing in a field (eye height 1.5m). The flashes of light below the 
horizon are simulating muzzle flashes from small arms. The flashes above the 
horizon is a variable introduced to compare the sky texture with the ground texture, it 
is not meant as a realistic engagement from small arms fire. 

b. The distance from themselves to the flashes of light are anywhere from 10-300m, in 
5m increments. 

c. There was no perspective (size differences) given to the halos. Although most objects 
appear smaller as they move farther away, halo size remains constant whether the 
flash is viewed from a distant or in close proximity.  

d. If the subjects find that they are getting tired/bored/frustrated, they must understand 
that they can pause the experiment to take a break at any time. It is undesirable for 
subjects to just enter numbers without trying to accurately gauge the distance in order 
to “get it over with”. 

Before the session began, the subject had a chance to ask any final questions or address any 
concerns. All subjects completed a pre-training session to determine baseline scores (scores 
which  have  not  been  influenced  by  training  or  practise).  Each  session  contained 60 flashes, 
30 above and 30 below the horizon. In all sessions the participants were presented with 10 
exposures of each flash type (both above and below the horizon), the five flash muzzle burst, a 
single muzzle flash, and an eight second prolonged flash. After each flash, the subject’s were 
asked to estimate the distance from their position to the location of the flash. The subjects entered 
their estimates into a window on the computer screen using the computer keyboard. The 
simulation software collected the subjects’ distance estimations and recorded them into a excel 
data file. After a short pause in order for the RA to download the next session, the subjects 
completed either the Training or Training no-feedback session. The experimental group received 
training in the form of immediate feedback of the correct distance (in metres), while the control 
group did not receive any feedback. Feedback was presented by the computer in the same 
window  used  by  the  subjects  to  enter  the  estimates.  Once  again,  each  subject  was 
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presented both above and below the horizon with 10 exposures of each flash type. After another 
short pause, both groups continued to the third, post-training session, which was identical to the 
pre-training session.  

The first three sessions were run in one day and took approximately an hour and a half to 
complete. At the end of the first day, the RA reminded the subjects they would be returning in 
two weeks to conduct a post-training session. Prior to the end of the two-week period, the 
experimenter or RA contacted the subject to remind them of the session. The two-week post-
training session took half an hour to complete; total experiment time was therefore two hours per 
subject. Throughout the conduct of the experiment, the RA would periodically take the data files 
contained in the computer used to conduct the experiment and download them onto a memory 
stick. The data files were transferred to the RA’s computer and downloaded onto a master data 
file for future analysis using Statistica, a statistical software program. 

2.5 Results 

Training in the form of immediate feedback improves performance. The improvement persisted 
for two weeks; however, there was notable deterioration during the two-week session compared 
to the training and immediate post-training sessions. There were no missing values, as complete 
data sets were obtained for all eighteen subjects. The data was analysed using a 2 x 2 x 3 x 4 
mixed factorial analysis of variance (ANOVA). The variables in this experiment were Group 
(experimental and control), Horizon (above or below), Flash type (5-flashes, single flash, or 
prolonged flash) and Session (pre- training, training or no training, post- training, and two-week 
post- training). The main dependent variable was the distance difference (the estimated distance 
minus the actual distance, in meters). A distance difference of zero was a perfect score. When the 
distance difference was averaged over all of the subject’s scores, it was referred to as the mean 
error or mean error score.  

Analyses of the dependent measure for 18 subjects revealed several characteristics. The total 
number of trials (each estimation) for the entire experiment was 4320, with a mean of 37.13m, a 
variance of 8560.64m2, and a standard deviation of 92.52. The curve was unimodal with a 
kurtosis (steepness or flatness) of 0.34, well within the acceptable score for an empirical 
approximation to the normal distribution. Also well within an acceptable value was the skewness 
(symmetry) of –0.07. The characteristics of the dependent measure show that the data collected 
was close to normal in its distributional form.  

The analysis of the results showed several significant interactions and main effects. Analysis of 
variance  (ANOVA)  indicated  a  significant  interaction  between  Session  x  Horizon  x  Group 
(F(3, 534) = 6.75, p ≤ .05). A post hoc test (Scheffé) of the three-way interaction revealed a 
significant difference in the experimental group’s mean error between sessions. The experimental 
groups mean error during the training, post-training and two-week post-training sessions were an 
improvement over their pre-training session (see Figure 11). There was one exception to this 
finding: the two-week post-training below the horizon session was not significantly different than 
their pre-training above the horizon session. Another significant difference within the three-way 
interaction was between the experimental group and control group. The experimental group was 
significantly more accurate than the control group in several conditions (see Figure 11). These 
conditions include: (1) the experimental group’s training and post training sessions (both below 
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and above the horizon) were more accurate than the control group’s pre-training session (above 
the horizon) and (2) the post-training session for the experimental group (above the horizon) was 
more accurate than all of the control group’s sessions (except the post training below the 
horizon). Overall, these results showed that there was a significant improvement between the 
experimental group’s pre-training session compared to the rest of their sessions and that these 
improvements were greatest when estimating distance above the horizon.  

 

 

 

Figure 11. The experimental (solid dots) and control group’s (open dot) mean error scores, in 
metres, plotted by session (pre-training, training, post-training and two week post training) both 
above and below the horizon. The dotted line at zero represents a perfect score. The experimental 
group does not depart significantly from zero during the training and post training sessions (unit 

is metres). The control group did not show significant improvement in either case.  

There were several other interactions identified in the analysis. The ANOVA revealed a two-way 
interaction between: Horizon x Group (F(1, 178) = 18.70, p ≤ .05), Session x Horizon (F(6, 534) 
= 4.52, p ≤ .05) and a Group x Session (F(3, 534) = 20.89, p ≤ .05). Post hoc tests (Scheffé) from 
the Horizon x Group interaction and the means showed that the experimental group above the 
horizon was significantly more accurate than the control group both above and below the horizon. 
As well, the experimental group below the horizon was significantly more accurate than the 
control group above the horizon. The post hoc tests from the Session x Horizon interaction, as 
well as the means, revealed a significant improvement from the pre-training session, both below 
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and above the horizon, to the remainder of the sessions also below and above the horizon (with 
the exception of the pre-training and two-week post-training below the horizon). The Group x 
Session post hoc test and means demonstrated significant improvement from the experimental 
group’s pre-training session to their training, post-training, and two-week post training sessions. 
The experimental group also showed significantly greater accuracy in their training and post-
training sessions than all of the control groups’ sessions.  

Main effects were found for Group (F(1, 178) = 20.83, p ≤ .05), Session (F(3, 534) = 53.18, p ≤ 
05), and Flash (F(2, 356) = 6.65, p ≤ .05) variables. The main effect of Group showed that the 
experimental group was significantly different than the control group. Figure 12 shows that the 
experimental group had greater improvement over the control group. The main effect of Session 
revealed that there was a significant difference between the sessions. Once again, figure 12 shows 
that there is a significant improvement in the experimental group’s training, post-training and 
two-week post-training sessions compared to the pre-training session. The one exception was that 
there was not a significant difference between the experimental group’s pre-training below the 
horizon and their two-week post training below the horizon. There was also deterioration in the 
two-week post-training scores compared to the training and post-training scores. The main effect 
of flash was unique in that it had no significant interaction with the other variables. The post hoc 
test revealed a significant difference between the single flash and the prolonged flash. The mean 
error  (M = 32.24 metres)  for  the  single  flash  estimates  were  better  than  the  prolonged  
flash (M = 42.31 metres).  
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Figure 12. The experimental (solid dots) and control group’s (open dot) mean error scores, in 
metres, plotted by session (pre-training, training, post-training and two week post training). 

Experimental group is significantly more accurate than the control group during and after the 
training session. The experimental group’s training, post-training and two-week post-training 

sessions are significantly more accurate than its pre-training session (unit is metres).  

Results also demonstrated that subjects overestimated distances on average. The experimental and 
control group had similar mean error scores during the pre-training session, with M = 64.04 
metres and M = 63.77 metres respectively. Training improved the experimental groups mean 
error  score  to  M = 4.23  metres,  while  the  control  group  also  showed  some  improvement 
with M = 53.66 metres. During the post training session, results showed that the experimental 
group began to underestimate distances but maintained rather accurate results, M = -7.40 metres. 
The control group also continued to improve slightly, M = 44.14 metres. The two-week post 
training session showed both groups once again overestimating the distances. Mean error scores 
deteriorated in both groups with the experimental group overestimating by M = 25.17 metres, and 
the control group overestimating by M = 49.31 metres. 
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Each subject’s mean error score was compared to zero using a t-test. The t-test was conducted to 
determine whether improvements resulted in scores which did not depart significantly from zero, 
in other words, if these scores were near perfect. Table 3.1 reveals that only one out of nine of the 
experimental group’s mean error scores were not significantly different from zero for the pre-
training session. The training session showed seven subjects were not significantly different from 
zero. However, by the two-week post-training session subject’s performance deteriorated as only 
three subject’s mean error scores that were not significantly different from zero. The entire 
control group departed significantly from zero in all sessions with the exception of one subject 
who had a near perfect score in the post-training session. 
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Table 3.1: Individual t – value and mean error score differences from zero  

Experimental 
Group  Pre Training Training Post Training Two Week Post 

Training 

 t-value Mean t-value Mean t-value Mean t-value mean 

Subject 1 4.05* 39.08 -.897 -6.59 -3.37* -24.67 1.92 12.99 

3 2.66* 36.91 2.050* 12.91 .652 4.00 8.28* 54.91 

5 2.48* 25.58 1.017 6.33 -3.49* -16.92 -4.45* -25.59 

7 12.70* 128.91 2.413* 21.55 3.64* 39.43 15.00* 122.25 

9 6.89* 60.41 .326 2.33 1.76 11.16 3.08* 24.493 

11 0.77 5.10 -.836 -6.00 -3.41* -34.92 -2.06* -24.67 

13 13.63* 125.82 .391 6.08 -2.01 -31.51 1.18 20.16 

15 8.78* 86.08 -.268 -2.51 -1.24 -11.93 -1.74 -13.34 

17 6.91* 67.58 .372 4.00 -.101 -1.26 6.77* 55.32 

Group Mean  64.04  4.23  -7.401  25.17 

Control 
Group      

Subject 2 6.79* 63.67 5.66* 43.41 2.79* 24.66 2.87* 20.74 

4 -8.67* -88.26 -8.15* -84.01 -8.56* -81.42 -8.23* -78.59 

6 9.13* 98.74 15.75* 127.08 13.54* 111.16 12.60* 119.08 

8 4.63* 64.66 5.11* 60.50 7.36* 79.08 12.20* 104.33 

10 11.30* 118.66 11.03* 119.41 11.38* 109.74 9.95* 106.08 

12 5.32* 58.33 7.39* 61.08 5.60* 59.41 8.14* 74.16 

14 4.85* 51.50 4.53* 51.16 2.64* 30.41 -3.03* -36.09 

16 8.49* 91.99 3.86* 38.08 .82 8.50 4.36* 56.24 

18 16.41* 114.66 9.52* 66.24 8.56* 55.75 10.66* 77.83 

Group Mean  63.77  53.66  44.14  49.31 

* p ≤ .05, subject’s mean error score departs significantly from zero (perfect score).  

The principal finding of this experiment revealed that, as expected, subjects that received training 
in the form of immediate feedback had greater accuracy than subjects who did not receive 
training. Although the experimental group’s performance approached accuracy during the training 
and immediate post training sessions, the two-week post training session revealed deterioration in 
performance. Nevertheless, there was a significant improvement in the experimental group’s 
estimations from before training to after training. These findings also demonstrated that distance 
estimation to flashes of light below the horizon were more accurate than above the horizon when 
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subjects were not trained; however, once trained, subjects showed greater improvement above the 
horizon. Overall, there was not a significant difference between estimations below the horizon 
and above the horizon. Finally, flash type did affect the accuracy of subject’s estimations. Results 
showed that contrary to hypothesis, the single flash was significantly more accurate than the 
prolonged flash.  
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3 Discussion and conclusion 

When the experimental group was provided training in the form of immediate feedback, they 
significantly improved their distance estimations from the pre-training session. This improvement 
in distance estimation was significant compared to the control group who did not receive any 
training. The flash variable showed that contrary to expectation, a single flash resulted in 
significantly greater accuracy than the prolonged flash. Further, subjects in both groups 
consistently overestimated the distances to the flashes of light in almost all conditions. Finally, 
although there was not a significant effect with the Horizon variable, there was a three-way 
interaction consisting of Session x Horizon x Group. 

The three-way interaction Session x Horizon x Group showed that this improvement was 
particularly noticeable when receiving training above the horizon and in comparing the 
improvement to the control group. Since the experimental group improved the most when they 
received training above the horizon, it has been demonstrated that the less textured sky plane had 
a more significant effect on the accuracy of the subject’s estimations when given feedback than 
the more textured ground plane. The sky plane was solid green with a few clouds in the sky while 
the ground plane was filled with textured grass whose detail diminished as it got closer to the 
horizon line. The less textured sky plane initially led to more over estimation in distance as well 
as more variable estimates throughout. Perhaps the improvement was more significant above the 
horizon because estimations were initially more difficult for subjects in that condition. Once 
subject’s received training, large improvements could be made in comparison to the below the 
horizon condition. Below the horizon estimates had greater initial accuracy. Despite deterioration 
in distance estimation after the two weeks, the experimental group’s two-week post-training mean 
error scores were still an improvement from their pre-training mean error score. One hypothesis 
for the deterioration in performance in the two-week post-training session could simply be due to 
the minimal cues available in the environment. As distances increased, differences between the 
flashes became subtler. For example, a change of 50 metres between flashes is less noticeable 
past 200 metres than it is when the flashes appear less than 100 metres. With less cues, subject’s 
had fewer reference points to gauge these changes. Perhaps a greater number of cues would not 
only improve initial estimates but it may help distinguish the more subtle changes at greater 
distances. Ultimately, this may strengthen the original training by providing more reference 
points for the subjects to remember at two weeks. 

The main effect of flash revealed that subjects were significantly more accurate with their 
estimations when the single flash was presented compared to the prolonged flash. This is counter-
intuitive as one would think that the more time a subject had to estimate the distance, the more 
accurate they would be. This result provides some evidence to support a hypothesis that perhaps 
both indirect and direct perceptions exist simultaneously. When given the time, the brain uses the 
internal mental processes characterized by the indirect theory of perception [9]. This is useful 
when the environment and stimulus are ambiguous, however, the disadvantage is that when the 
stimulus is not ambiguous subjects may “over think” what is being presented to them. Direct 
perception, as the theory states, extracts all of the required information directly from the 
environment. In this experiment, perhaps the accuracy of the single flash could be explained by 
the utilization of direct perception without the interference of “over thinking”. Training merely 
reveals what direct perception offers.  
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Subject’s consistently overestimated the distances to the flashes. The persistent overestimation of 
distance is consistent with Waller’s findings ([36]), but in contrast to the majority of prior 
research [22, 32, 35, 34, 37]. The reason for overestimation is uncertain. In Waller’s first 
experiment subject’s overestimated distances only after receiving feedback. Waller hypothesized 
that subject’s simply over compensated for the initial underestimations. In his second experiment, 
Waller introduced feedback as a between group variable. Once again, subjects overestimated 
distances, especially the control group. Waller did not give an explanation for the overestimation 
in the second experiment [36]. For the present experiment, one theory for the overestimation 
could be that by telling the subject the maximum distance will be 300 metres, it gave them their 
only reference point. As a result, the subject’s focus may have been fixed at the horizon line, the 
farthest distance possible. As the flashes were presented, subjects scaled back from the 300 metre 
reference point, resulting in the tendency to over estimate as their thought process was already 
envisioning greater distances. Overestimation may therefore be the result of the design of the 
experiment rather than the simulated environment or the subject’s perception.  

There are several areas for future research that can be derived from this experiment. Further 
experimentation could be conducted to determine if increasing the number of available cues in the 
simulated environment would allow for near perfect accuracy of distance estimation over the two-
week period and beyond. As this experiment determined, training is a powerful tool in improving 
distance estimation even in a reduced cue environment. Perhaps by improving the simulator’s 
resolution and realism, training may persist for months. Another area for future research would be 
to study the effects of time when estimating distances. Does more time always result in less 
accurate estimations? Is less accurate estimations the result of an interaction between time and an 
ambiguous situation? Although not a result of this experiment, using sound for the perception of 
distance could be investigated. As part of combat inoculation in the current training system, 
soldiers are brought to a shooting range made to safely fire rounds over a soldier’s head. The 
soldier hears what is termed “crack” (the ignition of the round in the chamber) and “thump” (the 
round breaking the sound barrier above the soldier’s head). Although this is meant for inoculation 
and to some degree to train soldiers how to locate where the round is being fired from, there is no 
systematic means to train distance estimation using sound. With a simulator, soldiers could be 
trained to estimate distances using the “crack” and “thump” method. This could be used in 
conjunction with estimating distances to muzzle flashes. Future research can also look at bringing 
this experiment to an outdoor environment. Blank ammunition may be used to produce the 
muzzle flashes as a suitable substitute to live rounds. Small lights might also be an option as this 
would be the only way to reproduce the prolonged flash. Research on the effects of training on 
distance estimations during daytime conditions would be another area to explore. Daytime 
presents the soldier with the obvious advantage of increased visual acuity and number of 
available depth cues. It also makes for identifying where a flash originated more difficult as a 
flash is not as pronounced in daytime compared to night. Training in the form of immediate 
feedback may prove to increase accuracy in all of these conditions.  

The results show that soldiers can be trained to estimate distances to muzzle flashes in a 
simulated NVG environment. This reinforces the results obtained in previous experiments [32, 
36, 34, 37, 38]. However, the present study found that performance deteriorates over a two-week 
period; this is a new finding. Research needs to be conducted in order to determine if this 
deterioration was due to the number of cues available. It is recommended that training in the form 
of feedback as an effective way to prepare soldiers for the challenges they face, including the 
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estimation of distances to an enemy location. This experiment reinforces the effectiveness of 
simulation as another tool in preparing soldiers for war.  
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Annex A Halo size relative to distance 

Error! Objects cannot be created from editing field codes. 

Results from studies at the NRC and DRDC reveal that halo sizes do not change as distance 
increases or decreases from the observer to a halo source. 
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Annex B  ‘Call for subjects’ flyer 

SUBJECTS NEEDED: 
Research on Simulation of Night Vision 

Revised Protocol: #L-491, Amendment #3 

Collaborative Image Intensifier Research 

Distance Estimation to Flashes in a Simulated NVG Environment 

Principal Investigator (DRDC): Dr. Keith Niall; Co-investigator (RMC Student): Capt Garrett 
Morawiec 

Purpose of Experiment: 

To determine and/or train human observers to make estimates of distance under simulated night-
vision goggle (NVG) conditions. 

Participants Requested: 

Eighteen (18) participants are required for this experiment. Participants should be of 18-60 years 
of age and can have either normal or corrected-to-normal vision. Men, women, military and 
civilians are all welcome. 

Procedures: 

This study is an amendment to the larger study which consists of six separate, simulation 
experiments. For this experiment, participants will be required to return after two (2) weeks for 
post-training testing.  

Experiment: Distance Estimation with Simulated NVG in an Eye Lane 

Participants will be presented with flashes of light on a computer screen and be asked to judge the 
distance from themselves to the flash while under simulated night-vision goggle conditions. 

Duration of Subject Participation: 

The experiment consists of 4 sessions (3 in one day, 1 two weeks later) taking a total of 
approximately 2 hours to complete 

Location of Experiment: 

All experimentation will be conducted at DRDC Toronto. 
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Risks to Participants: 

Risks associated with this study are minimal. Participants may experience fatigue and eyestrain 
with the prolonged use of a computer.  

Benefits: 

These experiments will provide better understanding into NVG use and perceptual illusions that 
may be present during their use. The outputs of these reports will be incorporated into training 
procedures, operational procedures, design guidelines, and provide models used for perceptually 
accurate simulations. 

Compensation: 

Participants will be given basic stress allowance in accordance with DRDC Toronto guidelines. 

Point of Contact: 

For Denison Armouries participants: Capt Garrett Morawiec 416-633-6200 ext. 5312 
Morawiec.gl@forces.gc.ca  

For DRDC participants: Patti Odell 416-635-2000 ext. 3024 patti.odell@drdc-rddc.gc.ca  

Dr. Keith Niall: 416-635-2002 Keith.Niall@drdc-rddc.gc.ca  
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Annex C Randomized order 

Subject Pre-Train Train 
Train - No 
Feedback Post-train 

2 Wk Post-
Train 

1 ba ab  ab ab 
2 ab  ab ba ba 
3 ab ba  ab ab 
4 ba  ba ab ba 
5 ab ab  ba ab 
6 ab  ba ab ba 
7 ba ba  ba ba 
8 ba  ab ba ab 
9 ab ab  ba ba 
10 ba  ba ab ba 
11 ab ba  ba ab 
12 ba  ab ab ab 
13 ab ab  ab ba 
14 ba  ba ba ba 
15 ba ab  ab ab 
16 ab  ba ba ab 
17 ba ba  ba ab 
18 ab  ab ab ba 

a = below the horizon 

b = above the horizon 
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Annex D Data set 

T r i a l S u b j e c t
T r a i n  /  

N o  T r a i n S e s s i o n H o r i z o n E n t r y
F l a s h  
T y p e

P a g e  
#

E x p e r i
m e n t  #

A c t u a l  
d i s t a n c e

E n t e r e d  
d i s t a n c e

D i s t a n c e  
d i f f e r e n c e D i s t  R a t i o l n ( e n t / a c t ) D a y T i m e

F O V  
h o r i z o n t a l

F O V  
v e r t i c a l

S R  
w i d t h

S R  
h e i g h t

S R  c o l o r  
d e p t h

S R  r e f r e s h  
r a t e

1 1 1 1 1 1 1 1 6 1 1 5 1 7 5 6 0 1 . 5 2 1 7 3 9 0 . 4 1 9 8 5 4 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 7 : 3 6 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
2 1 1 1 1 2 1 2 6 1 7 0 2 5 0 8 0 1 . 4 7 0 5 8 8 0 . 3 8 5 6 6 2 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 6 : 0 3 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
3 1 1 1 1 3 1 3 6 8 5 . 0 1 1 5 0 6 4 . 9 9 1 . 7 6 4 4 9 8 0 . 5 6 7 8 6 6 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 6 : 3 5 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
4 1 1 1 1 4 1 4 6 1 2 0 1 7 5 5 5 1 . 4 5 8 3 3 3 0 . 3 7 7 2 9 4 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 6 : 4 8 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
5 1 1 1 1 5 1 5 6 1 8 0 3 0 0 1 2 0 1 . 6 6 6 6 6 7 0 . 5 1 0 8 2 6 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 5 : 4 9 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
6 1 1 1 1 6 1 6 6 2 9 5 2 7 5 - 2 0 0 . 9 3 2 2 0 3 - 0 . 0 7 0 2 0 4 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 6 : 1 7 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
7 1 1 1 1 7 1 7 6 9 0 . 0 1 1 5 0 5 9 . 9 9 1 . 6 6 6 4 8 2 0 . 5 1 0 7 1 5 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 7 : 5 0 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
8 1 1 1 1 8 1 8 6 2 6 0 2 2 5 - 3 5 0 . 8 6 5 3 8 5 - 0 . 1 4 4 5 8 1 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 7 : 0 2 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
9 1 1 1 1 9 1 9 6 6 0 . 0 1 2 0 0 1 3 9 . 9 9 3 . 3 3 2 7 7 8 1 . 2 0 3 8 0 6 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 5 : 3 5 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5

1 0 1 1 1 1 1 0 1 1 0 6 1 0 0 1 2 5 2 5 1 . 2 5 0 0 0 0 0 . 2 2 3 1 4 4 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 7 : 1 8 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 1 1 1 1 1 1 1 2 1 6 2 0 0 2 0 0 0 1 . 0 0 0 0 0 0 0 . 0 0 0 0 0 0 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 9 : 3 5 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 2 1 1 1 1 1 2 2 2 6 1 0 . 0 5 7 5 6 4 . 9 5 7 . 4 6 2 6 8 7 2 . 0 0 9 9 1 5 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 8 : 3 4 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 3 1 1 1 1 1 3 2 3 6 1 9 5 2 7 5 8 0 1 . 4 1 0 2 5 6 0 . 3 4 3 7 7 2 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 9 : 0 8 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 4 1 1 1 1 1 4 2 4 6 3 0 . 0 2 1 2 0 8 9 . 9 8 3 . 9 9 7 3 3 5 1 . 3 8 5 6 2 8 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 8 : 1 5 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 5 1 1 1 1 1 5 2 5 6 4 5 . 0 1 1 7 5 1 2 9 . 9 9 3 . 8 8 8 0 2 5 1 . 3 5 7 9 0 1 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 9 : 2 3 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 6 1 1 1 1 1 6 2 6 6 1 2 5 2 2 5 1 0 0 1 . 8 0 0 0 0 0 0 . 5 8 7 7 8 7 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 8 : 5 7 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 7 1 1 1 1 1 7 2 7 6 2 7 5 2 2 5 - 5 0 0 . 8 1 8 1 8 2 - 0 . 2 0 0 6 7 1 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 9 : 5 2 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 8 1 1 1 1 1 8 2 8 6 2 6 5 3 0 0 3 5 1 . 1 3 2 0 7 5 0 . 1 2 4 0 5 3 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 8 : 4 5 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
1 9 1 1 1 1 1 9 2 9 6 2 0 . 0 2 1 0 0 7 9 . 9 8 4 . 9 9 5 0 0 5 1 . 6 0 8 4 3 8 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 2 8 : 0 3 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5
2 0 1 1 1 1 2 0 2 1 0 6 2 5 . 0 2 1 2 5 9 9 . 9 8 4 . 9 9 6 0 0 3 1 . 6 0 8 6 3 8 1 4 4 2 0 0 7 / 0 5 / 2 4 / 0 9 : 3 0 : 1 2 1 0 0 1 0 0 1 0 2 4 7 6 8 3 2 7 5

T r i a l S u b j e c t
O b s e r v e r  

X
O b s e r v e r  

Y O b s e r v e r  Z
O b j e c t  

2  X
O b j e c t  

2  Y
O b j e c t  

2  Z
O b j e c t  2  

s c a l e A g e G e n d e r S t a t u s
C o r r e c t i v e  

L e n s e s
P r e v i o u s  u s e  

w i t h  N V
1 1 6 3 0 0 6 0 2 0 1 . 5 6 3 3 1 . 7 6 1 3 0 . 6 0 . 5 0 . 2 5 3 0 2 1 2 1
2 1 6 3 0 0 6 0 2 0 1 . 5 6 2 5 3 . 1 6 1 8 3 . 4 0 . 5 0 . 2 5 3 0 2 1 2 1
3 1 6 3 0 0 6 0 2 0 1 . 5 6 2 9 7 6 1 0 5 0 . 5 0 . 2 5 3 0 2 1 2 1
4 1 6 3 0 0 6 0 2 0 1 . 5 6 3 1 6 . 7 6 1 3 8 . 8 0 . 5 0 . 2 5 3 0 2 1 2 1
5 1 6 3 0 0 6 0 2 0 1 . 5 6 3 0 6 . 3 6 1 9 9 . 9 0 . 5 0 . 2 5 3 0 2 1 2 1
6 1 6 3 0 0 6 0 2 0 1 . 5 6 3 8 1 . 3 6 3 0 3 . 6 0 . 5 0 . 2 5 3 0 2 1 2 1
7 1 6 3 0 0 6 0 2 0 1 . 5 6 3 2 7 . 8 6 1 0 5 . 6 0 . 5 0 . 2 5 3 0 2 1 2 1
8 1 6 3 0 0 6 0 2 0 1 . 5 6 3 7 1 . 7 6 2 6 9 . 9 0 . 5 0 . 2 5 3 0 2 1 2 1
9 1 6 3 0 0 6 0 2 0 1 . 5 6 3 0 0 6 0 8 0 0 . 5 0 . 2 5 3 0 2 1 2 1

1 0 1 6 3 0 0 6 0 2 0 1 . 5 6 2 7 9 . 2 6 1 1 7 . 8 0 . 5 0 . 2 5 3 0 2 1 2 1
1 1 1 6 3 0 0 6 0 2 0 1 . 5 6 2 5 8 . 4 6 2 1 5 . 6 0 . 5 0 . 2 5 3 0 2 1 2 1
1 2 1 6 3 0 0 6 0 2 0 1 . 5 6 2 9 7 . 9 6 0 2 9 . 8 0 . 5 0 . 2 5 3 0 2 1 2 1
1 3 1 6 3 0 0 6 0 2 0 1 . 5 6 2 5 2 . 8 6 2 0 9 . 2 0 . 5 0 . 2 5 3 0 2 1 2 1
1 4 1 6 3 0 0 6 0 2 0 1 . 5 6 3 0 6 . 2 6 0 4 9 . 3 0 . 5 0 . 2 5 3 0 2 1 2 1
1 5 1 6 3 0 0 6 0 2 0 1 . 5 6 3 1 3 . 9 6 0 6 2 . 8 0 . 5 0 . 2 5 3 0 2 1 2 1
1 6 1 6 3 0 0 6 0 2 0 1 . 5 6 2 9 5 . 6 6 1 4 4 . 9 0 . 5 0 . 2 5 3 0 2 1 2 1
1 7 1 6 3 0 0 6 0 2 0 1 . 5 6 2 6 1 . 7 6 2 9 2 . 3 0 . 5 0 . 2 5 3 0 2 1 2 1
1 8 1 6 3 0 0 6 0 2 0 1 . 5 6 2 6 3 . 1 6 2 8 2 . 4 0 . 5 0 . 2 5 3 0 2 1 2 1
1 9 1 6 3 0 0 6 0 2 0 1 . 5 6 3 0 1 . 4 6 0 4 0 0 . 5 0 . 2 5 3 0 2 1 2 1
2 0 1 6 3 0 0 6 0 2 0 1 . 5 6 3 0 4 . 3 6 0 4 4 . 6 0 . 5 0 . 2 5 3 0 2 1 2 1



 

44 DRDC Toronto TR 2007-143 
 
 
 

Annex E Participant package 

Collaborative Image Intensifier Research 

Distance Estimation to Flashes in a Simulated NVG Environment 

 

 

 

 

 

 

Participant Package 

 

 

 

 

 

 

Collaborative Image Intensifier Research 

Protocol #L-491, Amendment #3  

Project: ADDNS-TD (Advanced Deployable Day/Night Simulation) 

DRDC (Defence Research & Development Canada) 

Principal Investigator: Dr. Keith Niall 

Co-investigator: Captain Garrett Morawiec 
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Executive summary 

Night operations are of increasing importance to the Canadian Forces. Night operations are often 
conducted with the aid of image-intensification devices. These are electro-optic devices that 
amplify ambient light hundreds or thousands of times in an image. Such indirect-view devices 
allow night scenes to be viewed at a level of clarity that approaches that of their daylight 
counterparts. The primary differences between vision with image intensifiers and daylight vision 
are: 1) image intensifiers are sensitive to a portion of the near infrared spectrum to which human 
eyes are normally insensitive; 2) the resolution of image intensifiers is not as high as that of 
human vision, and 3) the amplification of light, which is achieved through a cascade of electrons 
within the device, introduces artifacts such as ‘blooming’ or ‘halo formation’. These features of 
the device may be mistaken for properties of the environment. Image intensifiers are also known 
as night-vision devices (NVDs) or night-vision goggles (NVGs). Currently there is little 
capability for training or simulating image-intensification devices in the Canadian Forces; as 
these devices are expensive, and in demand. This means that there is little opportunity to practise 
extreme, dangerous, or rare scenarios with the devices.  

The Advanced Deployable Day/Night Simulation (ADDNS) Technical Demonstration project 
seeks to redress this gap in capability, among its other contributions. ADDNS is a DRDC 
Technical Demonstration project that is intended to run until 2008. The ADDNS project seeks to 
advance knowledge of image-intensification devices, and to establish and improve a display 
capability for the simulation of image-intensifiers. The goal of the project is to demonstrate 
transportable visual simulations that provide night-vision and high-resolution daylight capability. 
The project is sponsored by the Director of Air Requirements Five (DAR5), and by the Director 
of Land Synthetic Environments (DLSE).  

In this experiment, I intend to build upon previous research to better understand human ability to 
judge distances in a simulated environment using NVGs. I intend to introduce additional variables 
and determine whether training remains effective under these new conditions. These variables 
include the distance estimation from the subject to a single flash of light, five flashes of light, and 
one flash of light for an extended duration.  

Background 

Welcome to the DRDC-Toronto study on night-vision-goggle (NVG) use and the perception of 
distance. The purpose of this study is to investigate the effects of the use of simulated night-
vision-goggles on your perception of distance to different light sources. These studies will aid in 
the development of better training measures and more accurate simulations for users training to 
use NVGs, without the dangers associated with real-world training missions. 

The development of certain electro-optic devices has changed the domain of night operations for 
the Canadian Forces. These devices are known as image intensifiers or night vision devices. 
Night vision devices can be said to amplify moonlight or starlight, but this amplification is the 
result of a cascade of electrons within the device: the devices do not provide a direct view of the 
world. The ADDNS project is intended to provide a new simulation capability for night vision 
devices. A new simulation is needed, for several reasons. One is that artifacts of these electro-
optic devices introduce unusual properties to a scene: it is not clear to an observer which 



 

46 DRDC Toronto TR 2007-143 
 
 
 

properties are artifacts, and which are features of the landscape. Another reason is that night 
vision devices are sensitive to the near-infrared region of the spectrum, which lends odd 
characteristics to familiar objects. Trees may glow slightly, for example.  

Distortions of the visual scene and its degradation with night vision devices may not be 
immediately apparent to an observer. Distortions may arise either in the optics of the devices 
(some of these are known as barrel, pincushion, or shear distortions of the image) or in the 
electronics of the devices (two examples are electronic scintillation at low ambient light levels, 
and the formation of bright halos around light sources at high ambient light levels).  

Such properties of night vision devices have been linked to distortions in perception, and a 
number of accidents and incidents have been blamed on illusions caused by such distortions (see 
Moore, 1990 and Crowley, 1990). In addition to these factors, differences between the two tubes 
can affect performance. Though most night vision devices are bi-ocular, presenting one image to 
two eyes (with a fixed disparity for all objects), binocular devices presenting different images to 
each eye can cause further distortion. Some of these effects are magnification differences, 
differences in image rotation (leading to shear), luminance differences (suspected of leading to 
the Pulfrich effect), and differences in tube alignment (leading to dip and divergence in the 
image). Night vision devices have been implicated as a causal factor in military helicopter 
incidents and accidents in a number of countries. Some reports have identified the risk of 
disorientation with night vision goggles as ten to fifteen times greater than for ordinary daytime 
flight (Durnford et al., 1995). Given such evidence of illusion and image distortion, it can be 
supposed that more complex aspects of vision could be affected, including object detection, 
object recognition, texture perception and motion perception. Brickner (1989) identifies a number 
of illusions and failures of judgment that accompany the use of night vision devices. These 
include errors in distance estimation, in which objects are perceived as further than they are; 
errors in slant estimation; and errors in estimation of speed. These errors and illusions are not well 
understood. These effects on visual perception will compound patent shortcomings of the devices: 
decreased visual acuity, and reduced field-of-view.  

The present series of experiments seeks to distinguish between illusion and unfamiliarity. There 
may be effects of the devices that arise deep in the physics of the devices, which are not easily 
changed. On the other hand, there may be some errors in judgment that are more superficial and 
corrigible. These experiments examine the judgment of several operationally relevant properties 
as observers use simulations of night vision devices on a desktop computer screen.  

Procedure 

The present study poses questions about egocentric distance estimation, that is the distance from 
the observer to the stimuli, in a simulated environment. Specifically, it examines a soldier’s 
ability to judge distances to an enemy’s muzzle flash, which is characterized by a bright visible 
light emanating from the muzzle of a discharged firearm. The simulated environment will be an 
open field at night, viewed on a desktop computer in a dark room. The room number is 1007, 
located at DRDC Toronto. The screen will simulate the visual characteristics expected when 
wearing night vision goggles (NVGs). Observers will be required to judge the distance from 
themselves to flashes of light of varying speed and quantity.  
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In each session, a light will either flash once, simulating a muzzle flash, flash five times, 
simulating a machine gun burst, or flash once for 8 seconds giving the observer more time to 
estimate. These flashes will occur at different positions ranging from 5m to 300m away, at, above 
and below the horizon and in the left, centre, and right fields of view. The observer will make an 
estimate of the distances to the light.  

Methods/design 

The subjects will be divided into two groups undergoing a repeated measures design. There are 
four sessions of testing in the experiment: pre-training, training, post-training, and two-week post-
training. The first three sessions are run in one day and should take approximately one hour and 
fifteen minutes to complete. The fourth session will take place two-weeks later and should take 
forty-five minutes to complete; total experiment time is therefore two hours. Each session will 
consist of 20 exposures to each of the three flash variables; a single flash of light, five flashes of 
light, and one flash of light for an 8 second duration. Observers are given no training or feedback 
in the pre-test, post-test, and two-week post-test conditions. In the training session, the 
experimental group will be given feedback on their estimates while the control group will not. 
Feedback will consist of the simulation software providing the actual distance to the flashes of 
light immediately after the observer makes his or her estimate. The computer software will record 
distance estimations. 

Eighteen observers will be tested. All observers will receive instructions on how to use the 
simulation software for the experiment. The observer’s age, gender, and previous experience with 
NV devices will be recorded. All observers will read and sign the attached consent form.  

The primary aim of the study is to consider differences in the dependent measure due to feedback. 
The main dependent measure of the analyses will be the estimated distance minus the perceived 
distance, in meters. This measure is signed as a difference measure; it takes on both positive and 
negative values. 

Significance to the Canadian Forces 

In combat, infantry soldiers must judge distances from themselves to the enemy in order to 
accurately return fire and pass the enemy’s location onto the rest of the section. Muzzle flashes 
from the enemy are one of the major ways of doing this. This research will add to our knowledge 
of NVGs, ultimately increasing the combat effectiveness of the Canadian Forces. 

Subjects 

There are no special characteristics of potential participants. Potential participants will be 
recruited from DND employees in and around the DRDC building and Denison Armouries. 
Denison Armouries consists of the Joint Task Force Central Area (JTFC) and Land Force Central 
Area (LFCA) HQs, 32 Canadian Brigade Group HQ and various organizations within 32 CBG 
and JTFC/LFCA HQ. Recruitment will occur primarily through the use of word of mouth and e-
mails. A more active campaign consisting of call-for-subjects flyers will be sought if recruitment 
numbers are low. An example of a flyer can be seen on page 33. 
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Medical 

This study poses minimal physical and psychological risks, as such, no physician coverage will 
be required. Medical screening will involve the RA asking the subjects whether they have 
changed their sleeping behaviour, consumption of prescription or over-the counter drugs, alcohol 
or caffeine within the past 36hrs. The RA will also confirm that the subject has not consumed 
gravol in the past 48hrs. Additional medical screening will simply involve the RA asking the 
subject whether they feel well enough to proceed before the start of each day. In the event that a 
subject experiences fatigue or eyestrain, they will notify the RA who will end the session. This 
session will be made up at another date.  

Conflict of interests 

If at any time the subject or experimenter feels that there is a conflict of interest, either one can 
stop the experiment at any time. Depending on the nature of the conflict, the session may be 
postponed or cancelled indefinitely. 

Risks and benefits 

Observers will be provided with and required to have read the participant package outlining the 
details of the experiment prior to providing informed consent. Observers may choose to withdraw 
from the experiment at any time. They may also be removed from the experiment by the Principal 
Investigator or his designate if it is so decided.  

Possible side effects and hazards 

Observers may experience fatigue and eyestrain or neck strain with prolonged use of the 
computer. 

Benefits 

The experiments conducted on behalf of this project will provide better understanding of NVG 
use and perceptual illusions that may be present during their use. The experiments will also 
provide valuable training information that will address the following: Can observers be trained to 
use NVGs? Is this training sustainable? Do flashes of light affect a person’s judgment in a static 
position? The results obtained in these reports will be incorporated into training procedures, 
operational procedures, and design guidelines; in the sense that they will provide models usable 
for perceptually accurate simulations. 

Time commitment and compensation 

Subjects will be asked to participate in 4 sessions (3 in one day, 1 two weeks later) taking a total 
of approximately 2 hours to complete. A basic stress allowance has been established for all 
experiments conducted at DRDC Toronto. Stress allowance is provided at the rate of $11.69 
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(CDN) per diem. Observers who choose to withdraw from the experiment (or are removed by the 
Principal Investigator) will be compensated in proportion to the number of days and hours of 
participation. Compensation is based on the following:  

(# of hours x $2.50) + ($11.69 x days) 

Any observer that completes all phases of this experiment is entitled to $28.38. This amount is 
subject to tax.
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Volunteer consent form 

Protocol #L-491, Amendment #3 

Collaborative Image Intensifier Research 

Distance Estimation to Flashes in a Simulated NVG Environment 

Principal Investigator: Dr. Keith Niall (DRDC) 

Co-investigator: Captain Garrett Morawiec (RMC) 

I, ______________________ (name) of ______________________________________________ 
(address and phone number) hereby volunteer to participate as an observer in the study, 
“Collaborative image intensifier research” (Protocol # L – 491, Amendment #3). I have read the 
research protocol in the participant package, and have had the opportunity to ask questions of the 
Investigators. All of my questions concerning this study have been answered to my satisfaction. 
However, I may obtain additional information about the research project and have any questions 
about this study answered by contacting Keith Niall at 416-635-2002 or Capt Garrett Morawiec at 
416-633-6200 ext. 5312.  

The primary aim of the study is to determine if subjects can be trained, through the use of 
immediate feedback, to accurately give egocentric distance estimations to flashes of light. 
Another goal of this study is to determine if this training persists for up to two weeks. I have been 
told that I will be judging distances to flashes of light in a simulated NVG environment and that 
this environment will be presented on a desktop computer.  

I have been told that I will be asked to participate in 4 sessions (3 in one day, 1 two weeks later) 
taking a total of approximately 2 hours to complete. I am aware that I will receive remuneration 
in the amount of $11.69 for each completed day for a total amount of $28.38 if I complete the 
entire research project. 

As with many forms of judgment, observer performance may be affected by many factors: the 
amount of sleep from the previous night, the side effects of prescription medication, non-
prescription medication, and over-the-counter drugs, excessive alcohol consumption, and the 
level of caffeine. We ask that observers do not change their habits in these respects within 36 hrs 
prior to their participation or during the course of the experiments; if they are changed the 
experimenter should be made aware. Over-the-counter medications like Gravol have been shown 
to change eye movements and vestibular responses (sense of balance and motion) and therefore it 
is recommended that any observers not take this medication 48 hrs prior to participating in the 
study. 

I have been told that the principal risks of the research experiment are experiences of fatigue and 
eyestrain associated with prolonged use of a computer monitor. The risk to the observer is 
minimal. I have been given examples of potential minor and remote risks associated with the 
experiment and consider these risks acceptable as well. Also, I acknowledge that my participation 
in this study, or indeed any research, may involve risks that are currently unforeseen by DRDC 
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Toronto. Should I experience any symptoms after completing the experiment, I will call the 
principal investigator or his designate.  

For Canadian Forces (CF) members only: I understand that I am considered to be on duty for 
disciplinary, administrative and Pension Act purposes during my participation in this experiment 
and I understand that in the unlikely event that my participation in this study results in a medical 
condition rendering me unfit for service, I may be released from the CF and my military benefits 
apply. This duty status has no effect on my right to withdraw from the experiment at any time I 
wish and I understand that no action will be taken against me for exercising this right. 

In the highly unlikely event that I become incapacitated during my participation, I understand that 
every necessary medical treatment will be instituted even though I am unable to give my consent 
at that time. I will go with the Investigator(s) to seek immediate medical attention if either the 
Investigator(s) or I consider that it is required. Every effort will be made to contact a family 
member or the designated person indicated below should that be necessary. 

I understand that I am free to refuse to participate and may withdraw my consent without 
prejudice or hard feelings at any time. Should I withdraw my consent, my participation as an 
observer will cease immediately, unless the Investigator(s) determine that such action would be 
dangerous or impossible (in which case my participation will cease as soon as it is safe to do so). 
I also understand that the Investigator(s), or their designate may terminate my participation at any 
time, regardless of my wishes. 

I have been informed that the research findings resulting from my participation in this research 
project may be used for commercialization purposes. Data from the research will be held 
confidentially, without personal identifiers. I understand that I will be given a copy of this consent 
form so that I may contact any of the above-mentioned individuals at some time in the future 
should that be required. The principal investigator (Keith Niall) can be contacted at 416-635-2002 
or Capt Garrett Morawiec at 416-633-6200 ext. 5312.  

I have informed the Principal Investigator that I am currently a subject in the following other 
DRDC Toronto research project(s): ______________________________________________ 
(cite Protocol Number(s) and associated Principal Investigator(s)), and that I am participating as a 
subject in the following research project(s) at institutions other than DRDC Toronto: 
___________________________________________ (cite name(s) of institution(s)) 
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I understand that by signing this consent form I have not waived any legal rights I may have as a 
result of any harm to me occasioned by my participation in this research project beyond all risks I 
have assumed. 

Volunteer’s Name ______________________  

Signature: _____________________________________  Date: ________________ 

 

Name of Witness to Signature: ______________________ 

Signature: _____________________________________  Date: ________________ 

 

Family Member or Contact Person (name, address, daytime phone number & relationship)  

 _______________________________________________________________ 

 _______________________________________________________________ 

 _______________________________________________________________ 

 

Section Head/Commanding Officer’s Signature (see Notes below)____________________ 

Section/Unit: ___________________________ 

 

Principal Investigator: _______________________   

Signature: _____________________________________ Date: ________________ 

Notes: 

For civilian personnel at DRDC Toronto: Signature of Section Head is required designating that 
volunteer observer is considered to be at work and that approval has been given to participate in 
this research project. 

For military personnel on permanent strength at CFEME: Approval in principle by Commanding 
Officer is given in Memorandum 3700-1 (CO CFEME), 18 Aug 94; however, members must still 
obtain their Section Head’s signature designating approval to participate in this particular 
research project. 

For other military personnel: All other military personnel must obtain their Commanding 
Officer’s signature designating approval to participate in this research project. 
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FOR OBSERVER ENQUIRY IF REQUIRED: 

Should I experience any symptoms after completing the experiment, I will call the principal 
investigator or his designate. Should I have any questions or concern regarding this project 
before, during, or after participation, I understand that I am encouraged to contact Defence R&D 
Canada – Toronto (DRDC Toronto), P.O. Box 2000, 1133 Sheppard Avenue West, Toronto, 
Ontario M3M 3B9. This contact can be made by surface mail at this address or in person, by 
phone or e-mail, to any of the DRDC Toronto numbers and addresses listed below: 

Principal DRDC Toronto Investigator:  

Keith Niall, 416-635-2002, Keith.Niall@drdc-rddc.gc.ca 

Co-Investigator (RMC student): 

Captain Garrett Morawiec, 416-633-6200 ext. 5312, Morawiec.gl@forces.gc.ca  

Chair, DRDC Human Research Ethics Committee (HREC):  

Jack Landolt, 416-635-2120, jack.landolt@drdc-rddc.gc.ca 

I understand that I will be given a copy of this consent form so that I may contact any of the 
above-mentioned individuals at some time in the future should that be required. 
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Annex F Research Assistant’s checklist 

PRIOR TO TEST DAY 

1. Coordinate the subject’s test time with Garrett. 

2. Inform guardhouse of subject arrival date. 

3. Information required from Garrett prior to the subject’s testing; 

a. whether subject is in the experimental group (will give them train_a and train_b 
session) or control group (will give them train_no feedback_a and train_no 
feedback_b session). 

b. The order within each session. The order in which the subjects will be exposed to the 
below the horizon (a) and above the horizon (b) variable will be varied. Therefore, a 
subject will not get an ab (pre-train), ab (train or train no feedback), ab (post-train), 
and ab (2 week post-train). 

TEST DAY 

1. Greet subject at the front gate if coming in from outside DRDC. Otherwise, greet subjects at 
room 1007 in DRDC. 

2. Collect the subject’s Volunteer Consent Form. Ensure it is properly filled out, most 
importantly, the subject’s CO (or designate) has given permission. 

3. Confirm that they have not changed their habits wrt prescription drugs, excessive alcohol 
consumption, and caffeine consumption within the past 36hrs. As well, as consuming gravol 
within the past 48hrs. 

4. Confirm they understand the principal risks of the research experiment (that being eyestrain 
and fatigue) and that they can withdraw from the experiment without prejudice or hard 
feelings at any time. 

5. Give subject the instruction sheet to read. After they have read the instructions and have been 
allowed to ask questions, inform the subjects of the following; 

a. The subject is standing in a field (eye height 1.5m). The flashes of light below the 
horizon are simulating muzzle flashes from small arms. The flashes above the 
horizon is a variable introduced to compare the sky texture with the ground texture, it 
is not meant as a realistic engagement from small arms fire. 

b. The distance from themselves to the flashes of light are anywhere from 10-300m, in 
5m increments. 
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c. There was no perspective (size differences) of the halos. Although most objects 
appear smaller as they move farther away, halo size remains constant whether the 
flash is viewed from a distant or in close proximity. This is the result of true halo 
characteristics 

d. If the subjects find that they are getting tired/bored/frustrated, they must understand 
that they can pause the experiment to take a break at any time. It is undesirable for 
subjects to just enter numbers without trying to accurately gauge the distance in order 
to “get it over with”. 

6. Ask if they have any questions. 

7. Turn off lights and pull blinds. 

8. Remember, for each session, explain what it is (especially the train session, remind them 
where to look for the feedback).  

9. Begin experiment  

10. After experiment, ensure you have subject contact info and have subject sign pay sheet.  
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Annex G Subject instructions 

In this experiment, you will be asked to estimate distances to flashes of light in a simulated NVG 
environment. 

1. Once the experimenter has loaded the file onto the screen, the programme will ask you to 
input your NAME, AGE, CONTACT INFO, GENDER, STATUS (civilian or military), if 
you wear CORRECTIVE LENS, and whether you have PREVIOUS USE OF NVGs. 

2. The session will begin when the experimenter presses the “play” button.  

3. You will then see an open field at night. A moment later, 5 flashes will appear on the screen. 
You will be prompted to input a distance into a window that will appear at the top right 
corner of the screen. Enter your estimated distance using the keyboard and then press “enter” 
in the window using the mouse. To move to the next trial, use the mouse and press “next”.  

4. After 10 exposures to the 5 flashes, you will be presented with 10 exposures of the single 
flash. Finally, you will be exposed to 10 exposures of an extended 8-second flash.  

5. Once the session is complete, the computer will automatically bring you back to the main 
page. 

6. The experimenter will then load the next session onto the screen and steps 1-5 will be 
repeated. A total of 6 sessions will be conducted on the first day, some will have the flashes 
appear below the horizon and some above. If you are in the experimental group, during the 
training session, the correct distance will appear in the “feedback” box located in the window 
after you have pressed the “entered”. 

7. Once all sessions are complete, the experimenter will ensure they have your contact and that a 
pay sheet has been filled out.  

8. If possible, the 2 week-post train session will then be scheduled. If not, Capt Garrett 
Morawiec will contact you to find a suitable time. 

Please remember that you are free to refuse to participate and may withdraw your consent without 
prejudice or hard feelings at any time. 

Thanks for participating! 

 

 

 



 

DRDC Toronto TR 2007-143 57 
 

 
 

Bibliography  

Acosta, H.M. (1997). Multifactor determinants of visual accommodation as a critical intervening 
variable in the perception of size and distance: Phase I Report (Rep. No. AL-HR-TR-1996-0137). 
AFB, TX: Armstrong Lab Brooks. Brooks AFB, Texas: Armstrong Laboratory.   

Adelson, S.J., Allen, J., & Badre, A. (1993). Performance comparison of multiple image depth 
and shape cues. International Journal of Human-Computer Interaction, 5(4), 347-360. 

Alam, M.S., Zheng, S.H., Iftekharuddin, K.M., & Karim, M.A. (1992). Study of field-of-view 
overlap for night vision applications. Proceedings of the IEEE 1992 National Aerospace and 
Electronics Conference:  NAECON 1992, Dayton, OH, May 18-22, vol. 3, pp. 1249-1255 

Aleva, D.L., Fullenkamp, S.C., Trissell, T.L., Dixon, S.A., & Task, H.L. (2005). Modulation 
transfer function as a predictor of visual acuity. In Toward recommended methods for testing and 
evaluation of EV and E/SV based visionic devices (pp. 6-1 – 6-12). Proceedings of NATO 
Meeting RTO-MP-HFM-125, Paper 6. Neuilly-sur-Seine, France: RTO. 

Allison, R.S., and Howard, I.P. (2000). Stereopsis with persisting and dynamic textures. Vision 
Research, 40(28), 3823-3827. 

Allison, R.S., Rogers, B.J. and Bradshaw, M.F. (2003) Geometric and induced effects in 
binocular stereopsis and motion parallax. Vision Research, 43(17), 1879-93. 

Arnoult, M.D. (1953). Transfer of pre-differentiation training in simple and multiple shape 
discrimination. Journal of Experimental Psychology, 45(6), 401-409. 

Arthur, K. (1996). Effects of field of view on task performance with head-mounted displays. In 
Proceedings of the 1996 Conference on Human Factors in Computing Systems, CHI 96, 
Vancouver, BC, 29-30. 

Arthur, K.W. (2000). Effects of field of view on performance with head-mounted displays. 
Unpublished doctoral dissertation, University of North Carolina, Chapel Hill. 

Austin, R.L. (1989). Measuring spectral performance of night vision devices. Lasers and 
Optronics 8(2), 53-57. 

Avrahami, J. (1999). Objects of attention, objects of perception. Perception & Psychophysics, 
61(8), 1604-1612. 

Aznar-Casanova, J.A., Matsushima, E.H., Ribeiro-Filho, N.P. (2006). One-dimensional and 
multi-dimensional studies of the exocentric distance estimates in frontoparallel plane, virtual 
space, and outdoor open field. The Spanish Journal of Psychology, 9(2), 273-284.  

Bachelder, E.N., & Hansman, R.J. (1997). Enhanced spatial state feedback for night vision goggle 
displays. In Proceedings of SPIE, Conference on Head-Mounted Displays II, Orlando, Florida, 
3058, Apr 21-22, 299-310. 



 

58 DRDC Toronto TR 2007-143 
 
 
 

Baird, J.C. (1963). Retinal and assumed size cues as determinants of size and distance perception. 
Journal of Experimental Psychology, 66(2), 155-162. 

Baird, J.C. (1970). Psychophysical analysis of visual space.  New York: Pergamon Press. 

Baird, J.C. & Biersdorf, W.R. (1967). Quantitative functions for size and distance judgments. 
Perception and Psychophysics, 2(4), 161-166. 

Baker, K.E., & Wylie, R.C. (1950). Transfer of verbal training to a motor task. Journal of 
Experimental Psychology, 40(5), 632-638. 

Banerjee, A., Banerjee, P., Ye, N., & Dech, F. (1999). Assembly planning effectiveness using 
virtual reality. Presence: Teleoperators and Virtual Environments, 8(2), 204-217. 

Barac-Cikoja, D., & Turvey, M.T. (1995). Does perceived size depend on perceived distance? An 
argument from extended haptic perception. Perception and Psychophysics, 57(2), 216-224. 

Barfield, W., & Furness, T.A. (Eds.). (1995). Virtual environments and advanced interface 
design. New York, NY: Oxford University Press.  

Barfield, W., Hendrix, C., & Bystrom, K. (1999). Effects of stereopsis and head tracking on 
performance using desktop virtual environment displays. Presence: Teleoperators and Virtual 
Environments, 8(2), 237-240. 

Barfield, W., & Kim, Y. (1991). Effect of geometric parameters of perspective on judgments of 
spatial information. Perceptual and Motor Skills, 73(2), 619-623. 

Barfield, W., & Rosenberg, C. (1995). Judgments of azimuth and elevation as a function of 
monoscopic and binocular depth cues using a perspective display [Special Issue]. Human Factors 
& Ergonomics Society, 37(1), 173-181. 

Baumberger, B., & Flückiger, M. (2004). The development of distance estimation in optic flow. 
Perception, 33(9), 1081-1099. 

Beall, A.C., Loomis, J.M., Philbeck, J.W., & Fikes, T.J. (1995). Absolute motion parallax weakly 
determines visual scale in real and virtual environments. In Proceedings of SPIE – The 
International Society for Optical Engineering: Human Vision, Visual Processing, and Digital 
Display VI, San Jose, CA, 2411, 288-297. 

Beck, J., & Gibson, J.J. (1955). The relation of apparent shape to apparent slant in the perception 
of objects. Journal of Experimental Psychology, 50(2), 125-133. 

Bemis, S.V., Leeds, J.L., and Winer, E.A. (1988). Operator performance as a function of type of 
display: Conventional versus perspective. Human Factors, 30(2), 163-169.  

Benel, R.A. (1979). Accommodation in untextured stimulus fields (Rep. No. ENG-PSY-79-
1/AFOSR-79-1). Champaign, IL: University of Illinois at Urbana-Champaign, Department of 
Psychology. Pp. 1-33. 



 

DRDC Toronto TR 2007-143 59 
 

 
 

Berkley, W.E. (1992). Night vision goggle illusions and visual training. In Visual problems in 
night operations (AGARD-LS-187), Neuilly-sur-Seine Cedex, France: North Atlantic Treaty 
Organization. Pp. 9-1–9-6 

Bertamini, M., Yang, T.L., & Proffitt, D.R. (1998). Relative size perception at a distance is best at 
eye level. Perception and Psychophysics 60(4), 673-682. 

Best, P.S., Collins, D.J., Piccione, D., & Ferrett, D. (1999). Night vision devices for ground 
environment. IEEE Aerospace and Electronic Systems Magazine 14 (4), 5-8. 

Bevan, W., Jr., & Zener, K. (1952). Some influences of past experience upon the perceptual 
threshold of visual form. American Journal of Psychology, 65, 434-442. 

Biberman, L.M., & Alluisi, E.A. (1992). Pilot errors involving head-up displays (HUDs), helmet-
mounted displays (HMDs), and night vision goggles (NVGs). (Rep No IDA-P-2638). Institute for 
Defense Analyses, Alexandria, Virginia, USA. 

Biersdorf, W.R. (1966). Convergence and apparent distance as correlates of size judgments at 
near distances. Journal of General Psychology, 75(2), 249-264. 

Bilderback, L.G., Taylor, R.E., Thor, D.H. (1964). Distance perception in darkness. Science, 
145(Whole No. 3629), 294-295. 

Bingham, G.P. (1993a). Optical flow from eye movement with head immobilized: ‘ocular 
occlusion’ beyond the nose. Vision Research, 33(5-6), 777-789. 

Bingham, G.P (1993b). Perceiving the size of trees: Biological form and the horizon ratio. 
Perception and Psychophysics, 54(4), 485-495. 

Bingham, G.P. (1993c). Perceiving the size of trees: Form as information about scale. Journal of 
Experimental Psychology: Human Perception and Performance, 19(6), 1139-1161. 

Bingham, G.P. (1993d). The implications of ocular occlusion. Ecological Psychology, 5(3), 235-
353. 

Bingham, G.P., Bradley, A., Bailey, M., & Vinner, R. (2001). Accommodation, occlusion, and 
disparity, matching are used to guide reaching: A comparison of actual versus virtual 
environments. Journal of Experimental Psychology: Human Perception and Performance, 27(6), 
1314-1334. 

Bingham, G.P., & Pagano, C.C., (1998). The necessity of a perception-action approach to definite 
distance perception: Monocular distance perception to guide reaching. Journal of Experimental 
Psychology 24(1), 145-168. 

Bingham, G.P., & Stassen, M.G. (1994). Monocular egocentric distance information generated by 
head movement. Ecological Psychology, 6(3), 219-238. 

Birnbaum, M.H. (1983). Scale convergence as a principle for the study of perception. In H. 
Geissler (Ed.), Modern issues in perception (pp. 319-335). Amsterdam: North-Holland. 



 

60 DRDC Toronto TR 2007-143 
 
 
 

Birnbaum, M.H., & Veit, C.T. (1974). Scale convergence as a criterion for rescaling: information 
integration with difference, ratio, and averaging tasks. Perception and Psychophysics, 15(1), 7-
15.  

Bishop, P.O. (1989). Vertical disparity, egocentric distance and stereoscopic depth constancy: A 
new interpretation. Proceedings of the Royal Society of London, Series B, 237(1289), 445-469.  

Blake, R., Sloane, M.E., & Fox, R. (1981). Further developments in binocular summation. 
Perception and Psychophysics, 30(3), 266-276. 

Blank, A.A. (1978). Metric geometry in human binocular vision: Theory and fact. In E.E.J. 
Leeuwenberg & H.F. Buffart (Eds.), Formal theories of visual perception (pp. 82-102). 
Chichester, U.K.: Wiley. 

Blessing, W.W., Landauer, A.A., & Coltheart, M. (1967). The effect of false perspective cues on 
distance and size-judgments: An examination of the invariance hypothesis. American Journal of 
Psychology, 80(2), 250-256. 

Bliss, J.P., & Tidwell, P.D. (1995). Effectiveness of virtual reality for administering spatial 
navigation training to police officers. In Proceedings of the 39th Annual Meeting of the Human 
Factors and Ergonomics Society. Part 2 (of 2), San Diego, CA, pp. 936. 

Bliss, J.P., Tidwell, P.D., & Guest, M.A. (1997). The effectiveness of virtual reality for 
administering spatial navigation training to firefighters. Presence, 6(1), 73-86. 

Bock, O. (1993). Localization of objects in the peripheral visual field. Behavioural Brain 
Research, 56(1), 77-84. 

Bolles, R.C., & Bailey, D.E. (1956). The importance of object recognition in size constancy. 
Journal of Experimental Psychology, 51(3), 222-225. 

Böök, A., & Gärling, T. (1981). Maintenance of orientation during locomotion in unfamiliar 
environments. Journal of Experimental Psychology: Human Perception and Performance, 7(5), 
995-1006. 

Boring, E.G. (1940). Size constancy and Emmert’s law. American Journal of Psychology, 53(2), 
293-295. 

Boring, E.G. (1951). The perception of the visual world. Psychological Bulletin, 48(4), 360-363. 

Boring, E.G. (1952a). The Gibsonian visual field. Psychological Review, 59(3), 246-247. 

Boring, E.G. (1952b). Visual perception as invariance. Psychological Review, 59(2), 141-148. 

Boring, E.G. (1964). Size constancy in a picture. American Journal of Psychology, 77(3), 494-
498. 

Boud, A.C., Baber, C., & Steiner, S.J. (2000). Virtual reality: A tool for assembly? Presence: 
Teleoperators and Virtual Environments, 9(5), 486-496. 



 

DRDC Toronto TR 2007-143 61 
 

 
 

Bourdon, B. (1902). La perception visuelle de l’espace. Paris: Schleicher Frères. 

Bourdy, C., Cottin, F., & Monot, A. (1991). Errors in distance appreciation and binocular night 
vision. Ophthalmic and Physiological Optics, 11(4), 340-349. 

Bradshaw, M.F., & Glennerster, A. (2006). Stereoscopic acuity and observation distance. Spatial 
Vision, 19(1), 21-36. 

Bradshaw, M.F., Glennerster, A., & Rogers, B.J. (1996). The effect of display size on disparity 
scaling from differential perspective and vergence cues. Vision Research, 36(9), 1255-1264.  

Bradshaw, M.F., Parton, A.D., & Eagle, R.A. (1998). The interaction of binocular disparity and 
motion parallax in determining perceived depth and perceived size [Special Issue]. Perception, 
27(11), 1317-1331. 

Braithwaite, M.G., Douglass, P.K., Durnford, S.J., & Lucas, G. (1998). The hazard of spatial 
disorientation during helicopter flight using night vision devices. Aviation, Space, and 
Environmental Medicine, 69(11), 1038-1044. 

Braly, K.W. (1933). The influence of past experience in visual perception. Journal of 
Experimental Psychology, 16(5), 613-643.  

Brandt, T., Dichgans, J., & Koenig, E. (1973). Differential effects of central verses peripheral 
vision on egocentric and exocentric motion perception. Experimental Brain Research, 16(5), 476-
491. 

Braunstein, M.L. (1976). Depth perception through motion. New York: Academic Press. 

Braunstein, M.L., Liter, J.C., & Tittle, J.S. (1993). Recovering three-dimensional shape from 
perspective translations and orthographic rotations. Journal of Experimental Psychology: Human 
Perception and Performance, 19(3), 598-614. 

Bredenkamp, J. (1984). Familial and assumed size as signal of distance and depth perception. 
Archiv für Psychologie, 136(2), 89-105. 

Breitmaier, W.A., & Reetz, F. (1985). Visual and spectroradiometric performance criteria for 
night vision goggles (NVG) compatible aircraft interior lighting. In Visual Protection and 
Enhancement (AGARD CP-379). Neuilly-Sur-Seine, France, pp. 5.1-5.11. 

Brenner, E., & Van Damme, W.J.M. (1998). Judging distance from ocular convergence. Vision 
Research, 38(4), 493-498. 

Brenner, E., & Van Damme, W.J.M. (1999). Perceived distance, shape and size. Vision Research, 
39(5), 975-986.  

Brickner, M.S. (1989). Helicopter flights with night vision goggles – Human factors aspects. 
(NASA Tech. Memo. No. 101039). Moffett Field, CA: NASA Ames Research Centre. Pp. 1-34. 



 

62 DRDC Toronto TR 2007-143 
 
 
 

Bridgeman, B., Kirch, M., & Sperling, A. (1981). Segregation of cognitive and motor aspects of 
visual function using induced motion. Perception and Psychophysics, 29(4), 336-342. 

Britten, R. (1967). The size-distance invariance hypothesis: A reply to Cook. American Journal of 
Psychology, 80(4), 640-642. 

Brou, R.J., & Doane, S.M. (2003). Individual differences in object localization in virtual 
environments. Spatial Cognition and Computation, 3(4), 291-314. 

Brown, B. (1972). The effect of target contrast variation on dynamic visual acuity and eye 
movements. Vision Research, 12(7), 1213-1224. 

Bruno, N., & Cutting, J.E. (1988). Minimodularity and the perception of layout. Journal of 
Experimental Psychology: General, 117(2), 161-170. 

Brussell, E.M. (1973). Attention, brightness contrast, and assimilation: The influence of relative 
area. Perception and Psychophysics, 14(2), 325-333. 

Buckley, D., & Frisby, J.P. (1993). Interaction of stereo, texture and outline cues in the shape 
perception of three-dimensional ridges. Vision Research, 33(7), 919-933. 

Bull, G.C. (1985). Night vision by NVG with FLIR. In Visual Protection and Enhancement 
(AGARD CP-379). Neuilly-Sur-Seine, France, pp. 10.1-10.7. 

Bullinger, H.J., Richter, M., & Seidel, K.A. (2000). Virtual assembly planning. Human Factors 
and Ergonomics in Manufacturing, 10(3), 331-341. 

Bülthoff, H.H., & Mallot, H.A. (1988). Integration of depth modules: Stereo and shading. Journal 
of the Optical Society of America, 5(10), 1749-1758. 

Busby, A., & Ciuffreda, K.J. (2005). The effect of apparent depth in pictorial images on 
accommodation. Opthalmic and Physiological Optics, 25, 320-327. 

Campbell, F.W., & Green, D.G. (1965). Monocular versus binocular acuity. Nature, 208(6), 191-
192. 

Caplan, P., MacPherson, G., & Tobin, P. (1985). Do sex-related differences in spatial abilities 
exist? A multilevel critque with new data. American Psychologist, 40(7), 786-799. 

Carlson, V.R. (1960). Overestimation in size-constancy judgments. American Journal of 
Psychology, 73, 199-213. 

Carlson, V.R. (1962). Size constancy judgments and perceptual compromise.  Journal of 
Experimental Psychology, 63(1), 68-73. 

Carlson, V.R. (1977). Instructions and perceptual constancy judgments. In W. Epstein (Ed.), 
Stability and constancy in visual perception: Mechanisms and processes (pp. 217-254). New 
York: Wiley. 



 

DRDC Toronto TR 2007-143 63 
 

 
 

Carlson, V.R., & Tassone, E.P. (1962). A verbal measure of the perspective attitude. American 
Journal of Psychology, 75(4), 644-647. 

Chalmers, E.L., Jr. (1952). Monocular and binocular cues in the perception of size and distance. 
American Journal of Psychology, 65(3), 415-423. 

Chapanis, A., & McCleary, R.A. (1953). Interposition as a cue for the perception of relative 
distance. Journal of General Psychology, 48, 113-132. 

Chisum, G.T., & Morway, P.E. (1975). Laboratory assessment of AN-PVS-5 night vision 
goggles. Aviation Space and Environmental Medicine, 46(11), 1390-1394.  

Chisum, G.T., & Morway, P.E. (1977). Effect of virtual image projection distance on the 
accommodation response of the eye. Aviation, Space, and Environmental Medicine, 48, 819-824.  

Chung, J.C., Harris, M.R., Brooks, F.P., Jr., Fuchs, H., Kelley, M.T., Hughes, J., Ouh-Young, M., 
Cheung, C., Holloway, R.L., & Pique, M. (1989). Exploring virtual worlds with head-mounted 
displays. SPIE Proceedings: Three-Dimensional Visualization and Display Technologies, 1083, 
42-52. 

Clarkson, G.J.N. (1994). Symbology night vision goggles for combat aircraft. In Proceedings of 
Helmet-Mounted and Head-Mounted Displays and Symbology Design Requirements, Orlando, FL 
(USA), 4-8 Apr, 316-326. 

Collins, D.J., Best, P.S., Piccione, D. (1998). Comparing change in terrain orientation detection 
distances when driving with Night Vision Devices. Proceedings of the Human Factors and 
Ergonomics Society 42nd Annual Meeting, pp. 1637 

Coltheart, M. (1968). Size information as a factor in visual judgments of absolute distance under 
reduced conditions. Unpublished Ph.D. Thesis, University of Sydney, Australia.  

Coltheart, M. (1969a). Effects of two kinds of distance information on visual judgments of 
absolute size. Nature, 221(178), 383. 

Coltheart, M. (1969b). The influence of haptic size information upon visual judgments of 
absolute distance. Perception and Psychophysics, 5(3), 143-144.  

Coltheart, M. (1971). The effect of verbal size information upon visual judgments of absolute 
distance. Perception and Psychophysics, 9(2-B), 222-223. 

Cook, M. (1978). The judgment of distance on a plane surface. Perception and Psychophysics, 
23(1), 85-90.  

Coover, J.E., & Angell, F. (1907). General practice effect of spatial exercise. American Journal of 
Psychology, 18(3), 328-340. 

Corlett, J.T. (1986). The effect of environmental cues on locomotor distance estimation by 
children and adults. Human Movement Science, 5, 235-248. 



 

64 DRDC Toronto TR 2007-143 
 
 
 

Corlett, J.T., Patla, A.E., & Williams, J.G. (1985). Locomotor estimation of distance after visual 
scanning by children and adults. Perception, 14(3), 257-263. 

Cormack, R.H. (1984). Stereoscopic depth perception at far viewing distances. Perception and 
Psychophysics, 35(5), 423-428. 

Craig, G., Macuda, T., Thomas, P., Allison, R., & Jennings, S. (2005). Light source halos in night 
vision goggles: Psychophysical assessments (Art. No. 07). Proceedings of SPIE - The 
International Society for Optical Engineering, 5800, 40-44.  

Craig, J.L.(2000) Integrated panoramic night vision goggle. Proceedings - Annual SAFE 
Symposium (Survival and Flight Equipment Association), 7-12. 

Creem-Regehr, S.H., Willemsen, P., Gooch, A.A., & Thompson, W.B. (2003, August). The 
influence of restricted viewing conditions on egocentric distance perception: Implications for real 
and virtual environments (Tech. Rep. No. UUCS-03-016). Salt Lake City, USA: University of 
Utah. 

Creem-Regehr, S.H., Willemsen, P., Gooch, A.A., & Thompson, W.B. (2005). The influence of 
restricted viewing conditions on egocentric distance perception: Implications for real and virtual 
indoor environments. Perception, 34(2), 191-204. 

Crompton, A. & Brown, F. (2006). Distance estimation in a small-scale environment.   
Environment and Behavior, 38(5), 656-666. 

Crowley, J.S. (1991). Human factors of night vision devices: Anecdotes from the field concerning 
visual illusions and other effects. (Technical Report No. 91-15). Fort Rucker, AL: US Army 
Aeromedical Research Laboratory. Pp. 1-43. 

Crvarich, G. (1995). An exploration of techniques to improve relative distance judgments within 
an exocentric display. Unpublished master’s thesis, University of Washington, Seattle. Available 
online at http://www.hitl.washington.edu/publications/crvarich/ . 

Cuijpers, R.H., Kappers, A.M.L., & Koenderink, J.J. (2000). Investigation of visual space using 
an exocentric pointing task. Perception and Psychophysics, 62(8), 1556-1571. 

Cumming, B.G., Johnston, E.B., & Parker, A.J. (1991). Vertical disparities and perception of 
three-dimensional shape. Nature, 349(6308), 411-414. 

CuQlock-Knopp, V.G., Merritt, J., Bender, E., & Wright-Hector, L. (2000). Object recognition 
and contrast sensitivity with image intensifiers employing white phosphor versus green phosphor 
displays. Proceedings of SPIE - The International Society for Optical Engineering: Image 
Intensifiers and Applcations II, San Diego, CA, 4128, 29-37. 

CuQlock-Knoop, V.G., Myles, K.P., Malkin, F.J., & Bender, E. (2001). The effects of viewpoint 
offsets of night vision goggles on human performance in a simulated grenade-throwing task 
(ARL-TR-2407). Aberdeen Proving Ground, MD: Army Research Laboratory. Pp. 1-31. 



 

DRDC Toronto TR 2007-143 65 
 

 
 

CuQlock-Knoop, V.G., Sipes, D.E., Torgerson, W.T., Bender, E.J., & Merritt, J.O. (1996). Field 
of view versus resolution trade-off for night vision goggle simulators. Investigative 
Ophthalmology and Visual Science, 37(3), S517. 

Cutting, J.E. (1986). Perception with an eye for motion. Cambridge, MA: Bradford Books/MIT 
Press, 321pp. 

Cutting J.E. (1987). Perception and information. Annual Review of Psychology, 38, 61-90.  

Cutting, J.E. (1991). Four ways to reject direct perception. Ecological Psychology: General, 3, 
25-34. 

Cutting, J.E. (1997). How the eye measures reality and virtual reality. Behavior Research 
Methods, Instruments & Computers, 29(1), 27-36. 

Cutting J.E. (2003a). Framing the rules of perception: Hochberg vs. Galileo, Gestalts, Garner, and 
Gibson. In M. A. Peterson, B. Gillam, & H.A. Sedgwick (Eds.). For a festschrift of Julian 
Hochberg (pp. 1-14). New York: Oxford University Press 

Cutting J.E. (2003b). Reconceiving perceptual space. In H. Hecht, R. Schwartz, & M. Atherton 
(Eds.) Looking into pictures: An interdisciplinary approach to pictorial space (pp. 215-238). 
Cambridge, MA: MIT Press. 

Cutting, J.E., & Millard, R.M. (1984). Three gradients and the perception of flat and curved 
surfaces. Journal of Experimental Psychology: General, 113(2), 198-216. 

Cutting, J.E., Springer, K., Braren, P., & Johnson, S. (1992). Wayfinding on foot from 
information in retinal, not optical, flow. Journal of Experimental Psychology: General, 121(1), 
41-72. 

Cutting, J.E. & Vishton, P.M. (1995). Perceiving layout and knowing distances: the integration, 
relative potency, and contextual use of different information about depth. In W. Epstein & S.J. 
Rogers (Eds.), Handbook of Perception and Cognition, Vol 5: Perception of space and motion 
(pp. 69-117). San Diego, CA, US: Academic Press, Inc. 

Da Silva, J.A. (1982). Scales for subjective distance in a large open field from the fractionation 
method: Effects of type of judgment and distance range. Perceptual and Motor Skills, 55(1), 283-
288. 

Da Silva, J.A. (1983). Ratio estimation of distance in a large open field. Scandinavian Journal of 
Psychology, 24(4), 343-345. 

Da Silva, J.A. (1985). Scales for perceived egocentric distance in a large open field: Comparison 
of three psychophysical methods. American Journal of Psychology, 98(1), 119-144. 

Da Silva, J.A., & Da Silva, C.B. (1983). Scaling apparent distance in a large open field: some 
new data. Perceptual and Motor Skills, 56(1), 135-138. 



 

66 DRDC Toronto TR 2007-143 
 
 
 

Da Silva, J.A., & Dos Santos, R.A. (1982). Scaling apparent distance in a large open field: 
Presence of a standard does not increase the exponent of the power function. Perceptual and 
Motor Skills, 55(1), 267-274. 

Da Silva, J.A., & Dos Santos, R.A. (1984). The effects of instructions on scales for perceived 
egocentric distance in a large open field.  Bulletin of the Psychonomic Society, 22(3), 189-192. 

Da Silva, J.A., & Fukusima, S.S. (1986). Stability of individual psychophysical functions for 
perceived distance in natural indoor and outdoor settings. Perceptual and Motor Skills, 63(2, Pt 
2), 891-902. 

Da Silva, J.A., Matsushima, E.H., & Aznar-Casanova, J.A. (2006). Distance perception in a 
natural outdoor setting: Is there a developmental trend to overconstancy? The Spanish Journal of 
Psychology, 9(2), 285-294. 

Darby, M.L., (2000). Battlefield simulation: Building virtual environments. Journal of Battlefield 
Technology, 3, 35-43. 

Davis, S.A., Donohue-Perry, M.M., & Task, H.L. (1994). Visual acuity versus field-of- view and 
light level for night vision goggles (Rep. No. AL/CFTR-1994-0076). Dayton, OH: Logicon 
Technical Services Inc. Pp. 1-21. 

Decker, W.M. (1989). Predicting the performance of night vision devices with a simple contrast 
model. In Proceedings of SPIE - The International Society for Optical Engineering – Helmet 
Mounted Displays, 1116, 162-169.  

Deering, M. (1992). High resolution virtual reality. Computer Graphics, 26(2), 195-202. 

Dees, J.W. (1966). Accuracy of absolute visual distance and size estimation in space as a function 
of stereopsis and motion parallax. Journal of Experimental Psychology, 72(3), 466-476. 

DeLucia, P.R. (1990). Pictorial depth cues and motion-produced information for depth 
perception. Dissertation Abstracts International, 51(3B), 1526.  

DeLucia, P.R. (1991). Pictorial and motion-based information for depth perception.   Journal of 
Experimental Psychology: Human Perception and Performance, 17(3), 738-748.  

Delucia, P.R. (1995). Effects of pictorial relative size and ground-intercept information on 
judgments about potential collisions in perspective displays. Human Factors, 37(3), 528-538. 

DeLucia, P.R. & Task, H.L. (1995). Depth and collision judgment using night vision goggles. 
International Journal of Aviation Psychology, 5(4), 371-386. 

Dermont, H., Schweicher, E., Adam, P. (1993). Characterization of holographic night vision 
goggles. Proceedings of SPIE - The International Society for Optical Engineering – 16th 
Congress of the International Commission for Optics: Optics as a Key to High Technology, 1983 
(pt 2), pp. 1028-1029. 



 

DRDC Toronto TR 2007-143 67 
 

 
 

De Valois, K.K., Lakshminarayanan,V., Nygaard, R., Schlussel, S., & Sladky, J. (1990). 
Discrimination of relative spatial position. Vision Research, 30, 1649-1660. 

DeVilbiss, C.A., & Antonio, J.C. (1994). Measurement of night vision goggle (NVG) visual 
acuity with the NVG resolution chart. Aviation, Space, and Environmental Medicine 65 (9 I), 
846-850. 

DeVilbiss, C.A., & Antonio, J.C., & Fiedler, G.M. (1994). Night vision goggle (NVG) visual 
acuity under ideal conditions with various adjustment procedures. Aviation, Space, and 
Environmental Medicine, 65(8), 705-709.  

DeVilbiss, C.A., Ercoline, W.R., & Antonio, J.C. (1994). Visual performance with night-vision 
goggles (NVGs) measured in USAF aircrew members. Conference on Helmet-Mounted and 
Head-Mounted Displays and Symbology Design Requirements, Apr 05-07, 64-70. 

Dick, H.B., Krist, R., Schwenn, O., & Pfeiffer, N. (2001). Near visual acuity after implantation of 
monofocal versus multifocal intraocular lenses [Nahvisus nach Implantation monofokaler versus 
multifokaler Intraokularlinsen]. Klinische Monatsblatter für Augenheilkunde, 218(6), 406-411. 

Dimmick, F.L. (1948). Visual space perception. In E.G. Boring, H.S. Langfeld, & H.P. Weld 
(Eds.), Foundations of Psychology (pp. 297-312). Hoboken, New York: John Wiley & Sons Inc. 

Dixon, M.W., & Proffitt, D.R. (2002). Overestimation of heights in virtual reality is influenced 
more by perceived distal size than by the 2-D versus 3-D dimensionality of the display. 
Perception, 31(1), 103-112. 

Dixon, M.W., Wraga, M., & Proffitt, D.R. (2000). Eye height scaling of absolute size in 
immersive and nonimmersive displays. Journal of Experimental Psychology: Human Perception 
and Performance, 26(2), 582-593. 

Dixon, S.A., & Marasco, P.L., (2006). Assessing the impact unique NVG filters have on human 
visual performance under simulated compatible cockpit lighting. (Art. No. 62240H.) Proceedings 
of SPIE – The International Society for Optical Engineering: Helmet- and Head-Mounted 
Displays XI: Technologies and Applications, 6224. 

Dolezal, H. (1982). Living in a world transformed: Perceptual and performatory adaptation to 
visual distortion. New York: Academic Press. 

Donohue-Perry, M.M. (1992a). Changes in visual acuity after night vision goggle exposure 
(Tech. Rep. No. AL-SR-1992-0031). Wright-Patterson Air Force Base, OH: Armstrong 
Laboratory. Pp. 1-13. 

Donohue-Perry, M.M., Hettinger, L.J., & Riegler, J.T. (1992b). Night Vision Goggle (NVG) 
users’ concerns survey site report (Rep. No. AL-TR-1992-0089, AD B171 286L). Hurlburt 
Field, FL. WPAFB, OH: Armstrong Laboratory. 



 

68 DRDC Toronto TR 2007-143 
 
 
 

Donohue-Perry, M.M., Hettinger, L.J., Riegler, J.T., & Davis, S.A. (1993a). Night vision goggle 
(NVG) users’ concerns survey site report: Dover AFB DE (Rep. No. AL/CF-TR-1993-0075). 
Wright-Patterson Air Force Base, OH: Armstrong Laboratory. (DTIC No. ADB178369). 

Donohue-Perry, M.M., Hettinger, L.J., Riegler, J.T., & Davis, S.A. (1993b). Night vision goggle 
(NVG) users’ concerns survey site report (Rep. No. AL/CF-TR-1993-0071). Pope AFB NC, 
Wright-Patterson Air Force Base, OH: Armstrong Laboratory. (DTIC No. ADB178338). 

Donohue-Perry, M.M., Davis, S.A., & Task, H.L. (1994). Visual acuity versus field-of-view and 
light level for night vision goggles (NVG). (Rep. No. ADA284750). Dayton, OH: Logicon 
Technical Services Inc. 

Donohue-Perry, M.M., Task, H.L., & Dixon, S.A. (1994). Visual-acuity vs. field-of-view and 
light level for night-vision goggles (NVGs). In Proceedings of SPIE: Conference on Helmet-
Mounted and Head-Mounted Displays and Symbology Design Requirements, APR 05-07, 71-81. 

Dorta, T., & LaLande, P. (1998). The impact of virtual reality on the design process. Digital 
design studios: Do computers make a difference? Association for Computer-Aided Design in 
Architecture (Acadia ’98) Conference proceedings. Quebec City, Canada, (pp. 138-163.) 

Dunn, B.E. (1969), Relative distance of lights: An extension of Bugelski’s findings. Perception 
and Psychophysics, 6(6b), 414-415. 

Dunn, B.E., Gray, G.C., & Thompson, D. (1965). Relative height on the picture plane and depth 
perception. Perceptual and Motor Skills, 21(1), 227-236. 

Durand, J.-P., Gidel, E., Ichard, H., Lenoble, A., & Minisclou, S. (2005) Modulation transfer 
function (MTF) measurement of night vision goggles. In Toward Recommended Methods for 
Testing and Evaluation of EV and E/SV Based Visionic Devices (pp. 9-1 – 9-6). Proceedings of 
NATO Meeting RTO-MP-HFM-125, Paper 9. Neuilly-sur-Seine, France: RTO. 

Durgin, F.H., Fox, L.F., Lewis, J., & Walley, K.A. (2002). Perceptuomotor adaptation: More than 
meets the eye. In Abstracts of the Psychonomic Society, 7, 103-104.  

Durgin, F.H. & Proffitt, D.R. (1992). Perceptual adaptation in the use of night vision goggles 
(Report Number NASA NAG2-721), Charlottesville, VA: Virginia University. Pp. 1-23. 

Durgin, F.H., & Proffitt, D.R. (1993). Perceptual response to visual noise and display media 
(Report Number NASA NAG2-814), Charlottesville, VA: Virginia University. Pp. 1-15. 

Durgin, F.H., Proffitt, D.R., Olson, T.J., & Reinke, K.S. (1995). Comparing depth from motion 
with depth from binocular disparity. Journal of Experimental Psychology: Human Perception and 
Performance, 21(3), 679-699. 

Dyer, J.L., & Young, K.M. (1998). Night vision goggle research and training issues for gorund 
forces: A literature review. (ARI-TR-1082) US Army Research Institute, Alexandria, VA, 1998. 
Pp. 1-74. 



 

DRDC Toronto TR 2007-143 69 
 

 
 

Edgar, G.K., & Reeves, C.A. (1997). Visual accommodation and visual images: Do attentional 
factors mediate the interacting effects of perceived distance, mental workload, and stimulus 
presentation modality? Human Factors,  39(3),  374-381. 

Edwards, E.K., Rolland, J.P., & Keller, K.P. (1993). Video see-through design for merging of real 
and virtual environments. Proceedings of the IEEE Virtual Reality Annual International 
Symposium, 223-233. 

Eggleston, R.G., Janson, W.P., & Aldrich, K.A. (1996). Virtual reality system effects on size-
distance judgments in a virtual environment. In Proceedings of the IEEE Conference – Virtual 
Reality Annual International Symposium (VRAIS) ’96. Santa Clara, CA, 139-146. 

Egusa, H. (1983). The effects of brightness, hue, and saturation on perceived depth between 
adjacent regions in the visual field, Perception, 12, 167-175. 

Elliott, D. (1987). The influence of walking speed and prior practice on locomotor distance 
estimation. Journal of Motor Behavior, 19(4), 476-485. 

Ellis, S.R., & Bucher U.J. (1994). Distance perception of stereoscopically presented virtual 
objects optically superimposed on physical objects by a head-mounted see-through display. In 
Proceedings of the 38th Annual Meeting of the Human Factors and Ergonomics Society. Part 2 
(of 2), Nashville, TN, 2, 1300-1304.  

Ellis, S.R., Bucher, U.J., & Menges, B.M. (1995). The relationship of binocular convergence and 
errors in judged distance to virtual objects. In Proceedings of 6th IFAC/IFIP/IFORS/IEA 
Symposium on Analysis, Design and Evaluation of Man-Machine Systems, pp. 253-7.  

Ellis, S.R., & Menges, B.M. (1997). Judgments of the distance of nearby virtual objects: 
Interaction of viewing conditions and accommodative demand. Presence: Teleoperators and 
Virtual Environments, 6(4), 452-462. 

Ellis, S.R., Menges, B.M, Jacoby, R.H., Adelstein, B.D., & McCandless, J.W. (1997). Influence 
of head motion on the judged distance of monocularly presented virtual objects. In Proceedings of 
the 1997 41st Annual Meeting of the Human Factors and Ergonomics Society. Part 2 (of 2), 
Albuquerque, NM, 2, 1234-1238. 

Ellis, S.R., Smith, S., &Grunwald, A. (1993). Direction judgment error in computer generated 
displays and actual scenes. In S.R. Ellis, & M.K. Kaiser (Eds.) Pictorial Communication in 
Virtual and Real Environments (pp. 504-526). London: Taylor and Francis. 

Enoch, J.M. (1959). Natural tendencies in visual search of a complex display. In: A. Morris, & 
E.P. Horne (Eds.) Visual search techniques – Proceedings of a Symposium Sponsored by the 
Armed Forces. (pp. 187-193).Washington, DC: National Research Council. 

Epstein, W. (1961). The known-size-apparent-distance-hypothesis. American Journal of 
Psychology, 74, 333-346. 



 

70 DRDC Toronto TR 2007-143 
 
 
 

Epstein, W. (1963a). Attitudes of judgment and the size-distance invariance hypothesis. Journal 
of Experimental Psychology, 66(1), 78-83. 

Epstein, W. (1963b). The influence of assumed size on apparent distance. Perception, 76(2), 257-
265. 

Epstein, W. (1965). Nonrelational judgment of size and distance. American Journal of 
Psychology, 78(1), 120-123. 

Epstein, W. (1966). Perceived depth as a function of relative height under three background 
conditions. Journal of Experimental Psychology, 72(3), 335-338. 

Epstein, W., & Baratz, S.S. (1964). Relative size in isolation as stimulus for relative perceived 
distance. Journal of Experimental Psychology, 67(6), 507-513. 

Epstein, W., & Broota, K.D. (1986). Automatic and attentional components in perception of size-
at-a-distance.  Perception and Psychophysics, 40(4), 256-262. 

Epstein, W., & Landauer, A. A. (1969). Size and distance judgments under reduced conditions of 
viewing. Perception and Psychophysics, 6(5), 269-272. 

Epstein, W., Park, J., & Casey, A. (1961). The current status of the size-distance hypotheses. 
Psychological Bulletin, 58(6), 491-514. 

Eriksson, E.S. (1974). Motion parallax during locomotion. Perception and Psychophysics, 16(1), 
197-200. 

Eriksson, E.S., & Zetterberg, P. (1975). Experience and veridical space perception: An ecological 
experiment (Report No. 169). Uppsala, Sweden: University of Uppsala, Department of 
Psychology. 

Estrera, J.P., Ostromek, T., Isbell, W., & Bacarella, A. (2003). Modern night vision goggles for 
advanced infantry applications. Proceedings of SPIE - The International Society for Optical 
Engineering, 5079, 196-207. 

Evans, R.N. (1951). Training improves micrometer accuracy. Personnel Psychology, 4, 231-242. 

Evsutin, A.A., & Rozhkova, G.I. (2001) Human Visual Acuity as a Function of Viewing Distance 
in Young and Old Adults. The 6th International Congress of Neuroethology, Bonn, July 29th-
August 3rd, Abstract 90. 

Farne, M. (1977). Brightness as an indicator to distance: relative brightness per se or contrast with 
the background? Perception, 6(3), 287-293. 

Fehrer, E.V. (1935). An investigation of the learning of visually perceived forms. American 
Journal of Psychology, 47(2), 187-221. 

Feria, C.S., Braunstein, M.L., & Anderson, G.J. (2003). Judging distance across texture 
discontinuities. Perception, 32(12), 1423-1440. 



 

DRDC Toronto TR 2007-143 71 
 

 
 

Ferris, S.H. (1972) Motion parallax and absolute distance. Journal of Experimental Psychology, 
95(2), 258-263. 

Fillenbaum, S., Schiffman, H.R., & Butcher, J. (1965). Perception of off-size versions of a 
familiar object under conditions of rich information. Journal of Experimental Psychology, 69(3), 
298-303. 

Fine, B.J., & Kobrick, J.L. (1983). Individual differences in distance estimation: Comparison of 
judgments in the field with those from projected slides of the same scenes. Perceptual and Motor 
Skills, 57(1), 3-14. 

Fisher, R.W. (1982). Variable acuity display for simulator applications. Digest of Technical 
Papers – SID International Symposium (Society for Information Display), San Diego, CA, 13, 
144-145. 

Fisher, R.W. (1984). Psychophysical problems and solutions in variable acuity displays. Digest of 
Technical Papers – SID International Symposium (Society for Information Display), San 
Franciso, 291-293. 

Fisher, S.K., & Ciuffreda, K.J. (1988). Accommodation and apparent distance. Perception, 17(5), 
609-621. 

Fitzpatrick, V., Pasnak, R., & Tyer, Z.E. (1982). The effect of familiar size at familiar distances. 
Perception, 11(1), 85-91. 

Flückiger, M. (1991). La perception d’objets lointains. In M. Flückiger, & K. Klaue (Eds.), La 
perception de l’environnement (pp. 221-238). Lausanne, Switzerland: Delachaux et Niestlè. 

Fodor, J.A., & Pylyshyn, Z.W. (1981). How direct is visual perception? Some reflections on  

Gibson’s “ecological approach”. Cognition, 9, 139-196. 

Foley, J.M. (1967a). Disparity increase with convergence for constant perceptual criteria. 
Perception and Psychophysics, 2(12-B), 605-608. 

Foley, J.M. (1967b). Size and distance in stereoscopic vision. Psychonomic Bulletin, 1(2), 3. 

Foley, J.M. (1968). Depth, size and distance in stereoscopic vision. Perception and 
Psychophysics, 3(4-A), 265-274.  

Foley, J.M. (1969). Distance in stereoscopic vision: the three-point problem. Vision Research, 
9(12), 1505-1521. 

Foley, J.M. (1972). Size-distance relation and intrinsic geometry of visual space: implications for 
processing. Vision Research, 12(2), 323-332. 

Foley, J.M. (1975). Error in visually directed manual pointing. Perception and Psychophysics, 
17(1), 69-74.  



 

72 DRDC Toronto TR 2007-143 
 
 
 

Foley, J.M. (1977). Effect of distance information and range on two indices of visually perceived 
distance. Perception, 6, 449-460. 

Foley, J.M. (1978). Primary distance perception. In R. Held, H.W. Leibowitz & H.L. Teuber 
(Eds.), Handbook of sensory physiology: Vol. 8. Perception. (pp. 215-256). Berlin: Springer-
Verlag. 

Foley, J.M. (1980). Binocular distance perception. Pyschological Review, 87(5), 411-434. 

Foley, J.M. (1985). Binocular distance perception: Egocentric distance tasks. Journal of 
Experimental Psychology: Human Perception and Performance, 11(2), 133-149.  

Foley, J.M. (1993). Stereoscopic distance perception. In S.R. Ellis, M.K. Kaiser, & A.C. 
Grunwald (Eds.), Pictorial communication in virtual and real environments (pp. 559-566). 
London: Taylor & Francis. 

Foley, J.M., & Held, R. (1972). Visually directed pointing as a function of target distance, 
direction and available cues. Perception and Psychophysics, 12(3), 263-268. 

Foley, J.M., Ribeiro-Filho, N.P., & Da Silva, J.A., (2004). Visual perception of extent and the 
geometry of visual space. Vision Research, 44(2), 147-156. 

Foreman, N., Sandamas, G., Newson, D. (2004). Distance underestimation in virtual space is 
sensitive to gender but not activity-passivity or mode of interaction. Cyberpsychology Behaviour, 
7(4), 451-457. 

Foyle D.C., & Kaiser, M.K. (1991). Pilot distance estimation with unaided vision, night vision 
goggles and infrared imagery. In Society for Information Display International Symposium Digest 
of Technical Papers, 22, 314-317. 

Frazor, R.A., & Geisler, W.S. (2006). Local luminance and contrast in natural images. Vision 
Research, 46(10), 1585-1598. 

Frenz, H., & Lappe, M. (2006). Visual distance estimation in static compared to moving virtual 
scenes. The Spanish Journal of Psychology, 9(2), 321-331. 

Fry, G.A. (1950). Visual perception of space. American Journal of Optometry, 27, 531-533. 

Fukusima, S.S., Loomis, J.M., & Da Silva, J.A. (1997). Visual perception of egocentric distance 
as assessed by triangulation. Journal of Experimental Psychology: Human Perception and 
Performance, 23(1), 86-100. 

Fullenkamp, S.C., Trissell, T.L., Aleva, D.L., Dixon, S., Task, H.L. (2005). Modulation transfer 
function as a predictor of visual acuity using a night vision device. Proceedings of SPIE - The 
International Society for Optical Engineering: Helmet- and Head-Mounted Displays X: 
Technologies and Applications, 5800, Art. No. 09, pp. 55-64 

Gagné, R.M., & Baker, K.E. (1950). Stimulus pre-differentiation as a factor in transfer of 
training. Journal of Experimental Psychology, 40(4), 439-451. 



 

DRDC Toronto TR 2007-143 73 
 

 
 

Gagné, R.M., Foster, H., & Crowley, M.E. (1948). The measurement of transfer of training. 
Psychological Bulletin, 45(2), 97-130. 

Galanter, E. (1972). Range and time estimates of dynamic visual targets (Rep. No. PLR-27). 
Columbia University, New York: Psychophysics Laboratory. Pp. 1-22. 

Galanter, E., & Galanter, P. (1973). Range estimates of distant visual stimuli. Perception and 
Psychophysics, 14(2), 301-306. 

Gärling, T. (1969). Studies in visual perception of architectural spaces and rooms. Scandinavian 
Journal of Psychology, 11(2), 124-131. 

Gärling, T. (1970a). Studies in visual perception of architectural spaces and rooms, III: A relation 
of judged depth to judged size of space. Scandinavian Journal of Psychology, 11(2), 124-131.  

Gärling, T. (1970b). Studies in visual perception of architectural spaces and rooms. IV. The 
relation of judged depth to judged size of space under different viewing conditions. Scandinavian 
Journal of Psychology, 11(3), 133-145. 

Gauthier, M.S. (2005). The impact of night vision goggles on wayfinding performance and the 
acquisition of spatial knowledge. Masters thesis, Carleton University, Ottawa, Ontario, Canada. 
Pp. 1-131. 

Gauthier, M., Parush, A., Macuda, T., Tang, D., Craig, G., & Jennings, S. (2006). Spatial 
navigation using night vision goggles. Proceedings of SPIE - The International Society for 
Optical Engineering: Helmet- and Head-Mounted Displays XI: Technologies and Applications, 
6224, art. no. 62240G. 

Gawron, V.J., Priest, J.E. (2001). Night vision goggles lessons learned. Proceedings of the 
Human Factors and Ergonomics Society 45th Annual Meeting, Minneapolis/St.Paul, MN, 176-
180  

Geddes, M., McLean, J., McMonnies, C., & Woodward, P. (1966) The variation of visual acuity 
with observation distance. Australian Journal of Optometry, 49, 164-169. 

Geer, R. (1989). Night-vision goggles – Terrain and feature shadowing for CIG databases. 
Conference and Exhibit of the American Institute of Aeronautics and Astronautics: Flight 
Simulation Technologies, AIAA Flight Simulation Technologies Conference and Exhibition - A 
Collection of Technical Papers, Aug 14-16, 183-187. 

Genco, L.V. (1985). Night vision support devices: Human engineering integration. In Visual 
Protection and Enhancement (AGARD CP-379). Neuilly-Sur-Seine, France, pp. 6.1-6.8. 

Geri, G.A., Akhtar, S.C., Winner, J., & Pierce, B.J. (2005). Identification of simulated targets as a 
function of target and background blur. Digest of Technical Papers – SID International 
Symposium: 19th National Conference on Artificial Intelligence, Boston, MA, 36(1), Art. No. P-
33, 394-397. 



 

74 DRDC Toronto TR 2007-143 
 
 
 

Geri, G.A., Martin, E.L., & Wetzel, P.A. (2002). Head and eye movements in visual search using 
night vision goggles. Aviation, Space, and Environmental Medicine, 73(8), 779-786. 

Gibb, R.W., & Reising, J.D. (1997). Assessing the effect of incompatible light on night vision 
goggle performance. Proceedings of the Human Factors and Ergonomics Society, 2, 1098-1102. 

Gibson, E.J. (1953). Improvement in perceptual judgments as a function of controlled practice or 
training. Psychological Bulletin, 50(6), 401-431. 

Gibson, E.J., & Bergman, R. (1954). The effect of training on absolute estimation of distance 
over the ground. Journal of Experimental Psychology, 48(6), 473-482. 

Gibson, E.J., Bergman, R., & Purdy, J. (1955). The effect of prior training with a scale of distance 
on absolute and relative judgments of distance over ground. Journal of Experimental Psychology, 
50(2), 97-105. 

Gibson, J.J. (1950). The perception of the visual world. Oxford, England: Houghton Mifflin. 

Gibson, J.J. (1952). The visual field and the visual world: A reply to Professor Boring. 
Psychological Review, 59(2), 149-151. 

Gibson, J.J. (1979). The ecological approach to visual perception. Boston: Houghton Mifflin. 

Gibson, J.J. (2003). The ecological approach to visual perception. In M.P. Munger. The history of 
psychology: Fundamental questions. New York, NY, US: Oxford University Press. 

Gibson, J.J., & Bridgeman, B. (1987). The visual perception of surface texture in photographs. 
Pshychological Research, 49, 1-5. 

Giese, W.J. (1946). The interrelationship of visual acuity at different distances. Journal of 
Applied Psychology, 30(1), 91-106. 

Gilinsky A.S. (1951). Perceived size and distance in visual space. Psychological Review, 58(6), 
460-482. 

Gilinsky, A.S. (1955a). The effect of attitude upon the perception of size. American Journal of 
Psychology, 68, 173-192. 

Gilinsky A.S. (1955b). The relation of perceived size to perceived distance: An analysis of 
Gruber’s data. American Journal of Psychology, 68 (3), 476-480. 

Gilinsky, A.S. (1989). The moon illusion in a unified theory of visual space. In M. Hershenson 
(Ed.), The moon illusion (pp.167-192). Hillsdale, NJ: Lawrence Erlbaum Associates, Inc. 

Giraudet, G., & Roumes, C. (2002). Target localization in natural or jumbled environment: 
Relative influence of scene and object spatial signatures. Journal of Vision, 2(7), 523a. 



 

DRDC Toronto TR 2007-143 75 
 

 
 

Giraudet, G., & Roumes, C. (2004). La signature spatiale de l’objet: Une information essentielle 
pour la localisation de cibles dans une scène naturelle | Object spatial signature: An essential tool 
for target localization in a natural environment. L’Année Psychologique, 104(1), 9-49. 

Glasgow, R.L., Marasco, P.L., Havig, P.R., Martinsen, G.L., Reis, G.A., & Heft, E.L. (2003). 
Psychophysical measurements of night vision goggle noise. Society of Photo-Optical 
Instrumentation Engineers (SPIE) Proceedings: Helmet- and Head-Mounted Displays VIII: 
Technologies and Applications, 5079, 164-173. 

Gogel, W.C. (1956). The tendency to see objects as equidistant and its inverse relation to lateral 
separation.  Psychological Monographs, 70(4, Whole No. 411), 17. 

Gogel, W.C. (1960). The perception of a depth interval with binocular disparity cues. Journal of 
Psychology: Interdisciplinary and Applied, 50, 257-269. 

Gogel, W.C. (1961). Convergence as a cue to absolute distance. Journal of Psychology: 
Interdisciplinary and Applied, 52, 287-301. 

Gogel, W.C. (1962a). Convergence as a determiner of perceived absolute size. Journal of 
Psychology: Interdisciplinary and Applied, 53, 91-104. 

Gogel, W.C. (1962b). The effect of convergence on perceived size and distance. Journal of 
Psychology: Interdisciplinary and Applied, 53(2), 475-489. 

Gogel, W.C. (1963). The visual perception of size and distance. Vision Research, 3(n. 3/4), 101-
120. 

Gogel, W.C. (1964). Size cue to visually perceived distance. Psychological Bulletin, 62(4), 217-
235. 

Gogel, W.C. (1965a). Equidistance tendency and its consequences. Psychological Bulletin, 64(3), 
153-163. 

Gogel, W.C. (1965b) Size cues and the adjacency principle. Journal of Experimental Psychology, 
70(3), 289-293. 

Gogel, W.C. (1968a). The effect of set on perceived egocentric distance. Acta Psychologica, 
28(3), 283-292. 

Gogel, W.C. (1968b).The measurement of perceived size and distance. In W.D. Neff (Ed.), 
Contribution to Sensory Physiology. Vol. 3. (pp. 125-148). New York: Academic Press.  

Gogel W.C. (1969a). The absolute and relative size cues to distance. American Journal of 
Psychology, 82(2), 228-234. 

Gogel, W.C. (1969b). The effect of object familiarity on the perception of size and distance. 
Quarterly Journal of Experimental Psychology, 21(3), 239-247. 

Gogel, W.C. (1969c). The sensing of retinal size. Vision Research, 9(9), 1079-1094. 



 

76 DRDC Toronto TR 2007-143 
 
 
 

Gogel, W.C. (1971). The validity of the size-distance invariance hypothesis with cue reduction. 
Perception and Psychophysics, 9(1-B), 92-94. 

Gogel, W.C. (1972). Scalar perceptions with binocular cues of distance. American Journal of 
Psychology, 85(4), 477-498. 

Gogel, W.C. (1976). An indirect method of measuring perceived distance from familiar size. 
Perception and Psychophysics, 20(6), 419-429. 

Gogel, W.C. (1977a). An indirect measure of perceived distance from oculomotor cues. 
Perception and Psychophysics, 21(1), 3-11. 

Gogel, W.C. (1977b). The metric of visual space. In W. Epstein (Ed.), Stability and constancy in 
visual perception (pp. 129-181). New York: Wiley. 

Gogel, W.C. (1978). Size, distance and depth perception. In E.C. Carterette & M.P. Friedman 
(Eds.), Handbook of perception: Perceptual processing (pp.299-333). New York: Academic 
Press. 

Gogel, W.C. (1979). The common occurrence of errors of perceived distance. Perception and 
Psychophysics, 25(1), 2-11. 

Gogel, W.C. (1981a). Perceived depth is a necessary factor in apparent motion concomitant with 
head motion: A reply to Shebilske and Proffitt. Perception and Psychophysics, 29(2), 173-177. 

Gogel, W.C. (1981b). The role of suggested size in distance responses. Perception and 
Psychophysics, 30(2), 149-155. 

Gogel, W.C. (1990). A theory of phenomenal geometry and its applications. Perception and 
Psychophysics, 48, 105-123. 

Gogel W.C. (1993). The analysis of perceived space. In S.C. Masin (Ed.), Foundations of 
perceptual theory (pp. 113-182). Amsterdam: North-Holland/Elsevier Science Publishers. 

Gogel, W.C. (1998). An analysis of perceptions from changes in optical size. Perception and 
Psychophysics, 60(5), 805-820. 

Gogel, W.C., & Da Silva, J.A. (1987a). A two-process theory of the response to size and distance. 
Perception and Psychophysics, 41(3), 220-238. 

Gogel, W.C., & Da Silva, J.A. (1987b). Familiar size and the theory of off-sized perceptions. 
Perception and Psychophysics 41(4), 318-328.   

Gogel, W.C., & Harker, G.S. (1955). The effectiveness of size cues to relative distance as a 
function of lateral visual separation. Journal of Experimental Psychology, 50(5), 309-315. 

Gogel, W.C., Hartman, B.O., & Harker, G.S. (1957). The retinal size of a familiar object as a 
determiner of apparent distance. Psychological Monographs, 71 (13, Whole No. 442), 13-14. 



 

DRDC Toronto TR 2007-143 77 
 

 
 

Gogel, W.C., Loomis, J.M., Newman, N.J., & Sharkey, T.J. (1985). Agreement between indirect 
measures of perceived distance. Perception and Psychophysics, 37(1), 17-27. 

Gogel, W.C., & Mertens, H.W. (1966). Problems in depth perception: Perceived size and 
distance of familiar objects (Rep. No. FAA-AM66-22). Oklahoma City, OK: Civil Aeromedical 
Institute.  

Gogel, W.C., & Mertens, H.W. (1967). Perceived size and distance of familiar objects. 
Perceptual and Motor Skills, 25(1), 213-225. 

Gogel, W.C., & Mertens, H.W. (1968). Perceived depth between familiar objects. Journal of 
Experimental Psychology, 77(2), 206-211. 

Gogel, W.C., & Newton, R.E. (1969). Perception of off-sized objects. Perception and 
Psychophysics, 5(1), 7-9. 

Gogel, W.C. & Sturm, R.D. (1971). Directional separation and the size cue to distance. 
Psychologische Forschung, 35(1), 57-80.  

Gogel, W.C., & Tietz, J.D. (1973). Absolute motion parallax and the specific distance tendency. 
Perception and Psychophysics, 13(2), 284-292. 

Gogel, W.C., & Tietz, J.D. (1974). The effect of perceived distance on perceived movement.  
Perception and Psychophysics, 16(1), 70-78. 

Gogel, W.C., & Tietz, J.D. (1976). Adjacency and attention as determiners of perceived motion. 
Vision Research, 16(8), 839-845. 

Gogel, W.C. & Tietz, J.D. (1977). Eye fixation and attention as modifiers of perceived distance. 
Perceptual and Motor Skills, 45(2), 343-362. 

Gogel, W.C., & Tietz, J.D. (1979). A comparison of oculomotor and motion parallax cues of 
egocentric distance. Vision Research, 19(10), 1161-1170. 

Gogel, W.C., & Tietz, J.D. (1980). Relative cues and absolute distance perception.  Perception 
and Psychophysics, 28(4), 321-328.  

Gogel, W.C., & Tietz, J.D. (1992). Absence of compensation and reasoning-like processes in the 
perception of orientation and depth. Perception and Psychophysics, 51(4), 309-318. 

Gogel, W.C., Wist, E.R., & Harker, G.S. (1963). A test of the invariance of the ratio of perceived 
size to perceived distance. American Journal of Psychology, 76(4), 537-553. 

Goldfarb, L., & Tzelgov, J. (2005). Is size perception based on monocular distance cues 
computed automatically? Psychonomic Bulletin & Review, 12(4), 751-754. 

Goldstone, R.L., Steyvers, M., Spencer-Smith, J., & Kersten, A. (2000). Interactions between 
perceptual and conceptual learning. In E. Dietrich, & A.B. Markman (Eds.), Cognitive dynamics: 



 

78 DRDC Toronto TR 2007-143 
 
 
 

Conceptual and representational change in humans and machines (pp.191-228). Mahwah, NJ: 
Erlbaum. 

Goodson R.A., & Rahe, A.J. (1981). Visual training effects on normal vision. American Journal 
of Optometry and Physiological Optics, 58(10), 787-91. 

Graham, C.H., Baker, K.E., Hecht, M., & Lloyd, V.V. (1948). Factors influencing thresholds for 
monocular movement parallax. Journal of Experimental Psychology, 38(3), 205-223. 

Graham, M., & Rogers, B. (1982). Simultaneous and successive contrast effects in the perception 
of depth from motion-parallax and stereoscopic information. Perception, 11(3), 247-262. 

Graham-Rowe, D. (2005). Making night as clear as day. New Scientist, 185(2486), 21. 

Gray, R., Regan, D., & Castaneda, B. (2006). Role of feedback in the accuracy of perceived 
direction  of  motion-in-depth  and  control  of  interceptive  action.  Vision  Research,  46(10), 
1676-1694.  

Greene, D.A. (1988). Night vision pilotage system field of view/ resolution tradeoff study flight 
experiment report. (Report No. NV 1-26). Fort Belvoir, VA: U.S. Army Communications-
Electronics Command Center for Night Vision and Electro-Optics.  

Gregory, R.L. (1963). Distortion of visual space as inappropriate constancy scaling. Nature, 199, 
678-780. 

Groner, R., & Menz, C. (1985). The effect of stimulus characteristics, task requirements and 
individual differences on scanning patterns. In: R. Groner, G.W. McConkie, & C. Menz (Eds.) 
Eye movements and human information processing. North-Holland: Elsevier.  

Gruber, H.E. (1954). The relation of perceived size to perceived distance. American Journal of 
Psychology, 67, 411-426. 

Gruber, H.E., & Dinnerstein, A.J. (1965). The role of knowledge in distance-perception. 
American Journal of Psychology, 78(4), 575-581. 

Gulley, W.E. (1952). Night vision training at the USAF School of Aviation Medicine. Journal of 
Aviation Medicine, 23(5), 490-494. 

Haber, R.N., & Levin, C.A. (2001). The independence of size perception and distance perception. 
Perception and Psychophysics, 63(7), 1140-1152. 

Haidn, H. (1985). Operational experiences with night vision goggles in helicopter low-level flight 
at night. In Visual Protection and Enhancement (ARGARD CP-379). Neuilly-Sur-Seine, France, 
pp. 3.1-3.8. 

Hale, J.P., & Dittmar, M.L. (1994). Virtual reality as a human factors design analysis tool for 
architectural spaces – Control rooms to space stations. I: Objective measures. In Proceedings of 
the Human Factors and Ergonomics Society 38th Annual Meeting, Nashville, TN, 1, 275-279. 



 

DRDC Toronto TR 2007-143 79 
 

 
 

Hammer, D.L. (1990). USAF NVG Issues [Abstract]. Aviation, Space and Environmental 
Medicine, 61, 497. 

Hammersley, R. (1983). Things are deeper than they are wide: a strange error of distance 
estimation. Perception, 12(5), 589-591. 

Hart, S.G. & Brickner, M.S. (1989). Helmet-mounted pilot night vision systems: Human factors 
issues (N90-22930/3). In Its Spatial Displays and Spatial Instruments, National Aeronautics and 
Space Administration, Moffett Field, CA: Ames Research Center. 

Harvey Jr, L.O., & Leibowitz, H.W. (1967). Effects of exposure duration, cue reduction, and 
temporary monocularity on size matching at short distances. Journal of the Optical Society of 
America, 57(2), 249-253. 

Harway, N.I. (1963). Judgment of distance in children and adults. Journal of Experimental 
Psychology, 65(4), 385-390. 

Hastorf, A.H. (1950). The influence of suggestion on the relationship between stimulus size and 
perceived distance. Journal of Psychology, 29, 195-217. 

Hastorf, A.H. (1952). The influence of suggestion on the relationship between stimulus size and 
perceived distance. In F.P. Kilpatrick (Ed.). Human behavior from the transactional point of view. 
(pp. 97-107). Oxford, England: Institute for Associated Research. 

Hastorf, A.H., & Way, K.S. (1952). Apparent size with and without distance cues. Journal of 
General Psychology, 47, 181-188. 

Hastrof, A.H., & Way, K.S. (1952). Apparent size with and without distance cues. Journal of 
General Psychology, 47, 181-188. 

Hayashibe, K. (2002). Apparent distance in actual, three-dimensional video-recorded, and virtual 
reality. Perceptual & Motor Skills, 95(2), 573-582. 

He, Z.J., Wu, B., Ooi, T.L., Yarbrough, G., & Wu, J. (2004). Judging egocentric distance on the 
ground: Occlusion and surface integration. Perception, 33(7), 789-806. 

Heinemann, E.G., Tulving, E., & Nachmias, J. (1959). The effect of occulomotor adjustments on 
apparent size. American Journal of Psychology, 72, 32-45. 

Henle, M. (1942). An experimental investigation of past experience as a determinant of visual 
form perception. Journal of Experimental Psychology, 30(1), 1-21. 

Henry, D., & Furmess, T. (1993). Spatial perception in virtual environments: Evaluating an 
architectural application. In Proceedings of the IEEE Annual Virtual Reality Annual International 
Symposium (VRAIS), Seattle, WA, Sept. 18-22, pp. 33-40. 

Heron, G., Furby, H.P., Walker, R.J., Lane, C.S., & Judge, O.J.E. (1995) Relationship between 
visual acuity and observation distance. Ophthalmic Physiological Optics 15(1), 23-30. 



 

80 DRDC Toronto TR 2007-143 
 
 
 

Hettinger, L.J. (2002). Illusory self-motion in virtual environments. In Stanney, K.M. (Ed.), 
Handbook of Virtual Environments: Design, Implementation, and Applications (pp. 471-492). 
Mahwah, NJ: Lawrence Erlbaum Associates. 

Hettinger, L.J., Donohue-Perry, M.M., Riegler, J.T., & Davis, S.A. (1993a). Night vision goggle 
(NVG) users’ concerns survey site report (Rep. No. AL/CF-TR-1993-0094). Fairchild AFB GA 
Wright-Patterson Air Force Base, OH: Armstrong Laboratory. (DTIC No. ADB178368). 

Hettinger, L.J., Donohue-Perry, M.M., Riegler, J.T., & Davis, S.A. (1993b). Night vision goggle 
(NVG) users’ concerns survey site report (Rep. No. AL/CF-TR-1993-0070). Robins AFB GA 
Wright-Patterson Air Force Base, OH: Armstrong Laboratory. (DTIC No. ADB178296). 

Hettinger, L.J., Nelson, W.T., & Haas, M.W. (1996). Target detection performance in helmet-
mounted and conventional dome displays. International Journal of Aviation Psychology, 6(4), 
321-334. 

Higashiyama, A. (1983). A variety of size and distance judgments  under monocular observation: 
Instructions and individual differences. “Human Science,” (The University of Osaka Perfecture, 
The Human Sciences Society, n.13-14, 91-109. 

Higashiyama, A. (1977). Perceived size and distance as a perceptual conflict between two 
processing modes. Perception and Psychophysics, 22(2), 206-211. 

Higashiyama, A. (1979). The perception of size and distance under monocular observation. 
Perception and Psychophysics, 26(3), 230-234. 

Higashiyama, A. (1984). The effects of familiar size on judgments of size and distance: An 
interaction of viewing attitude with spatial cues.  Perception and Psychophysics, 35(4), 305-312. 

Higashiyama, A. (1992). Anisotropic perception of visual angle: Implications for the horizontal-
vertical illusion, overconstancy of size, and the moon illusion. Perception and Psychophysics, 
51(3), 218-230. 

Higashiyama, A. (1996). Horizontal and vertical distance perception: The discorded orientation 
theory. Perception and Psychophysics, 58(2), 259-270. 

Higashiyama, A., Ishikawa, T., & Tankaka, K. (1990). Visual alleys as a function of instructions 
under informative and reduced conditions of viewing. Perception and Psychophysics, 47(5), 468-
476. 

Higashiyama, A., & Shimono, K. (1994). How accurate is size and distance perception for very 
far terrestrial objects? Function and causality. Perception and Psychophysics, 55(4), 429-442. 

Higashiyama, A., & Shimono, K. (2004). Mirror vision: Perceived size and perceived distance of 
virtual images. Perception and Psychophysics, 66(4), 679-691. 

Higashiyama, A., Ueyama, E. (1988). The perception of vertical and horizontal distances in 
outdoor settings. Perception and Psychophysics, 44(2), 151-156. 



 

DRDC Toronto TR 2007-143 81 
 

 
 

Hilgard, E.R. (1951). The role of learning in perception. In R.R. Blake & G.V. Ramsey (Eds.), 
Perception: an approach to personality. (pp. 95-120). New York: Ronald. 

Hochberg, C.B., & Hochberg, J.E. (1952). Familiar size and the perception of depth. Journal of 
Psychology, 34, 107-114. 

Hochberg, C.B., & Hochberg, J.E. (1953). Familiar size and subception in perceived depth. 
Journal of Psychology: Interdisciplinary and Applied, 36, 341-345. 

Hochberg, J.E., & McAlister, E. (1955). Relative size vs. familiar size in the perception of 
represented depth. American Journal of Psychology, 68, 294-296. 

Hodgson E. & Waller D. (2006). Lack of set size effects in spatial updating: evidence for offline 
updating. Journal of Experimental Psychology: Learning, Memory, and Cognition, 32 (4), 854–
866. 

von Hofsten, C. (1925). The role of convergence in space perception. Vision Research, 16(2), 
193-198. 

Holmes, M.C., & Sholl, M.J. (2005). Allocentric coding of object-to-object relations in 
overlearned and novel environments. Journal of Experimental Psychology: Learning, Memory 
and Cognition, 31(5), 1069-1087. 

Holway, A.H., & Boring, E.G. (1940a). The dependence of apparent visual size upon 
illumination. American Journal of Psychology, 53, 587-589. 

Holway, A.H., & Boring, E.G. (1940b). The moon illusion and the angle of regard. American 
Journal of Psychology, 53, 105-116. 

Holway, A.H. & Boring, E.G., (1941). Determinants of apparent visual size with distance variant. 
American Journal of Psychology, 54(1), 21-37. 

Holway, A.H., Jameson, D.A. Zigler, M.J., Hurvich, L.M., Warren, A.B., & Cook, E.B. (1945). 
Factors influencing the magnitude of range-errors in free-space and telescopic vision. Division 
of Research, Graduate School of Business Administration, Harvard Univ., Cambridge. 

Holzkamp, K. (1966). On the problem of the relation of perceived size to perceived distance 
(Zum Problem der Beziehung zwischen anschaulicher Grösse und anschaulicher Entfernung). 
Zeitschrift für experimentelle und angewandte Psychologie, 13(1), 39-72. 

Horowitz, M.W., & Kappauf, W.E. (1946). Aerial target range estimation. (O.S.R.S., 1945; Publ. 
Bd., No. 15812.) Washington: U.S. Dep. Commerce. Pp. 1-20. 

Houck, R.L., Mefferd, R.B., & Greenstein, G.J. (1972). Influence of a visual frame and vertical-
horizontal illusion on shape and size perception. Journal of Experimental Psychology, 96(2), 273-
279. 

Howarth, P.A. (1996). Empirical studies of accommodation, convergence, and HMD use. In: 
Proceedings of the Hoso-Bunka Foundation Symposium. Tokyo, Japan, December 3, 1996. 



 

82 DRDC Toronto TR 2007-143 
 
 
 

Howarth, P.A. (1999). Oculomotor changes within virtual environments. Applied Ergonomics, 
30(1), 59-67. 

Howarth, P.A., & Costello, P.J. (1996). Visual effects of immersion in virtual environments: 
Interim results from the UK Health and Safety Executive study. In Society for Information 
Display International Symposium Digest of Technical Papers, Santa Ana, CA: Society for 
Information Display, 27, 885-888. 

Hutchison, J.J., & Loomis, J.M. (2006). Does energy expenditure affect the perception of 
egocentric distance? A failure to replicate experiment 1 of Proffitt, Stefanucci, Banton, and 
Epstein (2003). The Spanish Journal of Psychology, 9(2), 332-339. 

Hutchison, J.J., & Loomis, J.M. (2006). Reply to Proffitt, Stefanucci, Banton and Epstein. The 
Spanish Journal of Psychology, 9(2), 343-345. 

Iavecchia, J.H., Iavecchia, H.P., & Roscoe, S.N. (1988). Eye accommodation to head-up virtual 
images. Human Factors, 30(6), 689-702. 

Imamura, M., & Nakamizo, S. (2006). An empirical test of formal equivalence between Emmert's 
Law and the size-distance invariance hypothesis. The Spanish Journal of Psychology, 9(2), 295-
299. 

Indow, T., & Watanabe, T. (1984). Parallel and distance alleys with moving points in the 
horizontal plane. Perception and Psychophysics, 35(2), 144-154. 

Interrante, V., Anderson, L., & Ries, B. (2004). An experimental investigation of distance 
perception in real vs. immersive virtual environments via direct blind walking in a high-fidelity 
model of the same room. In Proceedings - 1st Symposium on Applied Perception in Graphics and 
Visualization, (APGV 2004), Los Angeles, CA, pp. 162. 

Ittelson, W.H. (1951). Size as a cue to distance: Static localization. American Journal of 
Psychology, 64(1), 54-67. 

Ittelson, W.H. (1953). A note on ‘familiar size and the perception of depth’. Journal of 
Psychology, 35, 235-240. 

Ittelson, W.H. (1996). Visual perception of markings. Psychonomic Bulletin & Review, 3(2), 171-
87. 

Jameson, D., & Hurvich, L.M. (1959). Note on factors influencing the relation between 
stereoscopic acuity and observation distance. Journal of the Optical Society of America, A, 49, 
639. 

Jansen-Osmann, P., & Berendt, B. (2005). What makes a route appear longer? An experimental 
perspective on features, route segmentation, and distance knowledge. The Quarterly Journal of 
Experimental Psychology, 58A(8), 1390-1414. 

Jansen-Osmann, P., & Wiedenbauer, G. (2006). Distance cognition in virtual environment space: 
Further investigations to clarify the route-angularity effect. Psychological Research, 70(1), 43-51. 



 

DRDC Toronto TR 2007-143 83 
 

 
 

Jarrett, D., Ineson, J., Cheetham, M. (2003). Visual anomalies and display night vision goggles. 
Proceedings of SPIE – The International  Society for Optical Engineering: Helmet- and Head-
Mounted Displays VIII: Technologies and Applications, 5079, 184-195. 

Jenkin, N., & Hyman, R. (1959). Attitude and distance-estimation as variables in size-matching. 
American Journal of Psychology, 72(1), 68-76. 

Jenkins, T.C.A., Abd-Manan, F., Pardhan, S., Murgatroyd, R.N. (1994). Effect of fixation 
disparity on distance binocular visual acuity. Ophthalmic and Physiological Optics, 14(2), 129-
131. 

Jennings, S., & Craig, G. (2000). Effects of field-of-view on pilot performance in night vision 
goggles flight trials: Preliminary findings. Proceedings of SPIE – The International Society for 
Optical Engineering: Helmet- and Head-Mounted Displays V, 4021, 335-342. 

Jiang, B.C., Gish, K.W., & Leibowitz, H.W. (1991). Effect of luminance on the relation between 
accommodation and convergence. Optometry and Vision Science, 68(3), 220-225. Erratum in: 
Optometry and Vision Science 1991, 68(6), 458. 

Johansson, G. (1973). Monocular movement parallax and near-space perception. Perception, 
2(2), 136-145. 

Johnson, C.A. (1976). Effects of luminance and stimulus distance on accommodation and visual 
resolution. Journal of the Optical Society of America, 66(2), 138-142. 

Johnston, E.B. (1991). Systematic distortions of shape from stereopsis. Vision Research, 31(7/8), 
1351-1360. 

Joynson, R.B. (1949). The problem of size and distance. Quarterly Journal of Experimental 
Psychology, 1(2), 119-135. 

Kaiser, M.K. and Foyle, D.C. (1991). Human factors issues in the use of night vision devices. 
Proceedings of the Human Factors 35th Annual Meeting. Santa Monica, CA, 1502-1506. 

Karlsson, M. (2000). Use of night vision goggles in HEMS operations. Air Medical Journal, 
19(4), 151. 

Kaufman, L., Kaufman, J.H., Noble, R., Edlund, S., Bai, S., & King, T. (2006). Perceptual 
distance and the constancy of size and stereoscopic depth. Spatial Vision, 19(5), 439-457. 

Keller, K., & Colucci, D. (1998). Perception in HMDs: What is it in head mounted displays 
(HMDs) that really make them all so terrible? In R.J. Lewandowski, L.A. Haworth, & H.J. 
Girolamo (Eds.), Proceedings of SPIE – The International Society for Optical Engineering: 
Helmet- and Head-Mounted Displays III, 3362, 46-53. 

Kersten, D. (1997). Inverse 3-D graphics: A metaphor for visual perception.  Behavior Research 
Methods, Instruments, & Computers, 29(1), 37-46. 



 

84 DRDC Toronto TR 2007-143 
 
 
 

Kersten, D., Mamassian, P., & Yuille, A. (2004). Object perception as Bayesian Inference. 
Annual Review of Psychology, 55, 271-304. 

Kikukawa, A., Yagura, S., & Akamatsu, T. (1999). A 25-year prospective study of visual acuity 
in the Japan Air Self Defense Force personnel. Aviation Space and Environmental Medicine, 
70(5), 447-450. 

Kilpatrick, F.P., & Ittelson, W.H. (1953). The size–distance invariance hypothesis. Psychological 
Review, 60(4), 223-231. 

Kim, H.J. (1982a). Prevalence of astigmatism among aviators and its limiting effect upon visual 
performance with the AN/PVS-5 night vision goggles. Fort Rucker, AL: Army Aeromedical 
Research Laboratory. 

Kim, H.J. (1982b). Prevalence of astigmatism among aviators and its limiting effect upon visual 
performance with the AN/PVS-5 night vision goggles. Paper presented at Annual Scientific 
Meeting of Aerospace Medical Association, 12 May, Bal Harbour, FL. 

Klatzky, R.L., Loomis, J.M., Beall, A.C., Chance, S.S., & Golledge, R.G. (1998). Spatial 
updating of self-position and orientation during real, imagined and virtual locomotion. 
Psychological Science, 9(4), 293-298. 

Kline, P.B., & Witmer, B.G. (1996). Distance perception in virtual environments: Effects of field 
of view and surface texture at near distances. Proceedings of the HFES 40th annual meeting, 
Philadelphia, PA, 2, 1112–1116. 

Knapp, J.M. (2001). The visual perception of egocentric distance in virtual environments. 
Dissertation Abstracts International: Section B: The Sciences and Engineering, 61(9-B), 5034. 

Knapp, J.M., & Loomis, J.M (2004). Limited field of view of head-mounted displays is not the 
cause of distance underestimation in virtual environments. Presence: Teleoperators and Virtual 
Environments, 13(5), 572-577. 

Knight, K.K., Apsey, D.A., Jackson, W.G., and Dennis, R.J. (1998). A comparison of stereopsis 
with ANVIS and F4949 night vision goggles. Aviation, Space, and Environmental Medicine, 
69(2), 99-103. 

Knowles, S.J. (1998). Night vision goggles – integration and operation in fast jet aircraft: An air 
worthiness perspective. Proceedings of the Institution Of Mechanical Engineers part G: Journal 
of Aerospace Engineering, 212(G5), 319-324.  

Komoda, M.K., & Ono, H. (1974). Oculomotor adjustments and size-distance perception. 
Perception and Psychophysics, 15(2), 353-360. 

Kooi, F.L. (1993). Binocular configurations of a night-flight head-mounted display. Displays, 
14(1), 11-20. 



 

DRDC Toronto TR 2007-143 85 
 

 
 

Kooi, F.L., & Oving, A.B. (2004). Helicopter crew NVG issues and training: A user 
questionnaire, (Report TM-040A025), TNO Human Factors, Soesterberg, The Netherlands, 2004. 
[In Dutch, English abstract only] 

Kooi, F.L., Toet, A. (2005). What's crucial in night vision goggle simulation? Proceedings of 
SPIE - The International Society for Optical Engineering: Enhanced and Synthetic Vision 2005, 
5802, art. no. 04, 37-46. 

Kotulak, J.C., & Frezell, T.L. (1991). Field-of-view with night vision goggles. Paper presented at 
6th Annual Joint Services Night Vision Conference, 13 June, at Phoenix, AZ. 

Kotulak, J.C. (1992). Methods of visual scanning with night vision goggles. (USAARL Report 
92-10) Fort Rucker, AL: U.S. Army Aeromedical Research Laboratory. 

Kotulak, J.C., & Morse, S.E. (1994a). Focus adjustment effects on visual acuity and oculomotor 
balance with aviator night vision displays. Aviation, Space, and Environmental Medicine, 65(4), 
348-352. 

Kotulak, J.C., & Morse, S.E. (1994b). Relationship among accommodation focus, and resolution 
with optical instruments. Journal of the Optical Society of America A: Optics and Image Science, 
and Vision, 11(1), 71-79. 

Kotulak, J.C., & Rash, C.E. (1992). Visual acuity with second and third generation night vision 
goggles, obtained from a new method of night sky simulation, across a wide range of target 
contrast. (Report No. 36362-5292). Fort Rucker, AL: U.S. Army Aeromedical Research 
Laboratory. Pp. 1-43. 

Künnapas, T.M. (1955). Influence of frame size on apparent length of a line. Journal of 
Experimental Psychology, 50(3), 168-170. 

Künnapas, T.M. (1957). Vertical-horizontal illusion and the surrounding field. Acta 
Pyschologica, 13, 35-42. 

Künnapas, T.M. (1959). The vertical-horizontal illusion in artificial visual fields. Journal of 
Psychology: Interdisciplinary and Applied, 47, 41-48. 

Künnapas, T.M. (1960). Scales for subjective distance. Scandinavian Journal of Psychology, 1, 
187-192. 

Künnapas, T.M. (1968). Distance perception as a function of available visual cues. Journal of 
Experimental Psychology, 77(4), 523-529. 

Kuroda, T. (1971). Distance constancy: Functional relationships between apparent distance and 
physical distance.  Psychologische Forschung, 34(3), 199-219. 

Lambert, W.W., Soloman, R.L., & Watson, P.D. (1949). Reinforcement and extinction as factors 
in size estimation. Journal of Experimental Psychology, 39(5),  637-641. 



 

86 DRDC Toronto TR 2007-143 
 
 
 

Lampton, D.R., Gildea, J.P., McDonald, D.P., & Kolasinski, E.M. (1996). Effects of display type 
on performance in virtual environments (Tech. Report. No. ARI-TR-1049). Alexandria, VA: U.S. 
Army Research Institute for the Behavioral and Social Sciences. 

Lampton, D.R., McDonald, D.P., Singer, M.M & Bliss, J. (1995). Distance estimation in virtual 
environments. In Proceedings of the Human Factors and Ergonomics Society, 39th Annual 
Meeting, San Diego, CA, 2, 1268-1272. 

Landy, M.S., Maloney, L.T., Johnston, E.B., & Young, M. (1995). Measurement and modeling of 
depth cue combination: In defense of weak fusion. Vision Research, 35(3), 389-412. 

Landy, M.S., Maloney, L.T., & Young, M.J. (1991a). Psychophysical estimation of the human 
depth combination rule. In Proceedings of SPIE – The International Society of Optical 
Engineering: Sensor Fusion III: 3D Perception and Recognition, 1383, 247-254. 

Lappin, J.S., & Ahlström, U.B. (1994). On the scaling of visual space from motion: In response to 
Pizlo and Salach-Golyska. Perception and Psychophysics, 55(2), 235-242. 

Lappin, J.S., Donnelly, M.P., & Kojima, H. (2001). Coherence of early motion signals. Vision 
Research, 41(13), 1631-1644. 

Lappin, J.S., & Fuqua, M.A. (1983). Accurate visual measurement of three-dimensional moving 
patterns. Science, 221(4609), 480-482.  

Lappin, J.S., & Love, S.R. (1992). Planar motion permits perception of metric structure in 
stereopsis. Perception and Psychophysics, 51(1), 86- 102. 

Lappin, J.S., Shelton, A.L., Rieser, J.J. (2006). Environmental context influences visually 
perceived distance.  Perception and Psychophysics, 68(4) 571-581.  

Laurent, M., & Cavallo, V. (1985). Rôle des modalités de prise d’informations visuelles dans un 
pointage locomoteur [The role of visual input modality in a locomotor pointing task]. L’Année 
Psychologique, 85(1), 41-48. 

Lee, D.N. (1980). Visuo-motor coordination in space-time. In G.E. Stelmach & J. Requin (Eds.), 
Tutorials in motor behavior (pp. 281-295). New York: North-Holland. 

Lees, M.A., Glick, D.D., Kimball, K.A., & Snow, A.C. (1977). In-flight performance with night 
vision goggles during reduced illumination. (Report No AD-A031 991). Fort Rucker, AL: Army 
Aeromedical Research Lab. Pp. 1-39. 

Leger, A., Roumes, C., Bergeaud, J.M., Dareoux, P., & Gardelle, C. (1998). Flight testing of a 
binocular, bisensor HMD for helicopter: Some human factors aspects. In Proceedings of SPIE – 
The International Society for Optical Engineering: Helmet- and Head-Mounted Displays III, 
3362,  136-143. 

Leibowitz, H. (1956). Relation between the Brunswick and Thouless ratios and functional 
relations in experimental investigations of perceived shape, size, and brightness. Perceptual and 
Motor Skills, 6(1), 65-68. 



 

DRDC Toronto TR 2007-143 87 
 

 
 

Leibowitz, H., & Moore, D. (1960). Role of oculomotor adjustments in the perception of size. 
Journal of the Optical Society of America, A, Program Suppl., 11-12. 

Leibowitz, H., & Moore, D. (1966). Role of changes in accommodation and convergence in the 
perception of size. Journal of the Optical Society of America, B, 56(8), 1120-1123. 

Leibowitz, H.W., Shiina, K., Hennessy, R.T. (1972). Oculomotor adjustments and size constancy. 
Perception and Psychophysics, 12(6), 497-500. 

Levin, C.A., & Haber, R.N. (1993). Visual angle as a determinant of perceived interobject 
distance. Perception and Psychophysics, 54(2), 250-259. 

Levine, R.R., & Rash, C.E. (1989a). Attenuating the luminous output of the AN/PVS-5A night 
vision goggles and its effects on visual acuity. (USAARL Report No. 89-24) Fort Rucker, AL: 
U.S. Army Aeromedical Research Laboratory. Pp. 1-36. 

Levine, R.R., & Rash, C.E. (1989b). Visual acuity with AN/PVS-5A night vision goggles and 
simulated flashblindness protective lenses under varying levels of brightness and contrast. 
(USAARL Report No. 89-16). Fort Rucker, AL: U.S. Army Aeromedical Research Laboratory. 
Pp. 1-30. 

Lichten, W., & Lurie, S. (1950). A new technique for the study of perceived size. American 
Journal of Psychology, 63(2), 280-282. 

Lie, I. (1965). Convergence as a cue to perceived size and distance. Scandinavian Journal of 
Psychology, 6(2), 109-116. 

Lindberg, E., & Gärling, T. (1981). Acquisition of locational information about reference points 
during locomotion with and without a concurrent task: Effects of number of reference points. 
Scandinavian Journal of Psychology, 22(2), 109-115. 

Liu, L., & Chang, B.K. (2003). Visual range of low-light-level night vision goggles for driving. 
Optical Engineering, 42(7), 2056-2061. 

Loftus, A., Murphy, S., McKenna, I., & Mon-Williams, M. (2004). Reduced fields of view are 
neither necessary nor sufficient for distance underestimation but reduce precision and may cause 
calibration problems. Experimental Brain Research, 158(3), 328-335. 

Long, G.M. (1994). Exercises for training vision and dynamic visual acuity among college 
students. Perceptual and Motor Skills, 78(3, Pt 1),  1049-1050. 

Loomis, J.M., Da Silva, J.A., Fujita, N., & Fukusima, S.S. (1992). Visual space perception and 
visually directed action. Journal of Experimental Psychology: Human Perception and 
Performance, 18(4), 906-921. 

Loomis, J.M., Da Silva, J.A., Philbeck, J.W., & Fukusima, S.S., (1996). Visual perception of 
location and distance. Current Directions in Psychological Science, 5(3), 72-77.  



 

88 DRDC Toronto TR 2007-143 
 
 
 

Loomis, J.M., & Knapp, J.M. (2003). Visual perception of egocentric distance in real and virtual 
environments. In L.J. Hettinger, & M.W. Haas (Eds.), Virtual and adaptive environments (pp. 21-
46). Mahwah NJ: Lawrence Erlbaum Associates Publishers. 

Loomis, J.M., & Philbeck, J.W. (1999). Is the anisotropy of perceived 3-D shape invariant across 
scale? Perception and Psychophysics, 61(3), 397-402. 

Loomis, J.M., Philbeck, J.W., & Zahorik, P. (2002). Dissociation between location and shape in 
visual space. Journal of Experimental Psychology: Human Perception and Performance, 28, 
1202-1212. 

Low, F.N. (1946a). Effect of training on acuity of peripheral vision. (Report No. 68). 
Washington, USA: Civil Aeronautics Administration, Div. Research. 

Low, F.N. (1946b). Some characteristics of peripheral visual performance. American Journal of 
Physiology, 146(4), 573-584. 

Lumsden, E.A. (1980). Problems of magnification and minification: An explanation of the 
distortions of distance, slant, and velocity. In M. Hagen (Ed.), The perception of pictures (Vol. 1, 
pp. 91-135). New York: Academic Press. 

Luneburg, R.K. (1950). The metric of binocular visual space. Journal of the Optical Society of 
America, 4(10), 627-642. 

MacLeod, S., & Hilgendorf, R.L. (1973). Air-to-ground target acquisition with night vision 
devices. (Report No. AD-769 345). Aerospace Medical Research Lab, Wright-Patterson AFB 
Ohio. Pp. 1-7. 

Macuda, T., Allison, R.S., Craig, G., and Jennings, S. (2004) Detection of motion-defined form 
under simulated night vision conditions. In Proceedings of SPIE – The International Society for 
Optical Engineering: Helmet- and Head-Mounted Displays IX: Technologies and Applications, 
5442, 36-44. 

Macuda, T., Craig, G., Allison, R.S., Guterman, P., Thomas, P., & Jennings, S. (2005). Detection 
of motion-defined form using night vision goggles. Proceedings of SPIE - The International 
Society for Optical Engineering: Helmet- and Head-Mounted Displays X: Technologies and 
Applications, Orlando, FL, 5800, Art. No. 2, 1-8. 

Mann, C.W., & Boring, R.O. (1953). The role of instruction in experimental space perception. 
Journal of Experimental Psychology, 45(1), 44-48. 

Marasco, P.L. (2001). The visibility of night vision imaging system compatible displays. 
Proceedings - Annual SAFE Symposium (Survival and Flight Equipment Association), Nashville, 
TN, 439-445. 

Marasco, P.L., & Task, H.L. (1998). Examination of a method for improving night vision device 
depth of a field. SAFE Journal, 28(2), 94-100. 

Marasco, P.L., & Task, H.L. (1999). Optical characterization of wide field-of-view night  



 

DRDC Toronto TR 2007-143 89 
 

 
 

vision devices. (Report No.: ASC-99-2354). Wright-Patterson AFB, OH: Air Force Research 
Laboratory. Pp. 1-6. 

Marasco, P.L., & Task, H.L. (2003). The impact of target luminance and radiance on night-vision 
device visual performance testing. Proceedings of SPIE - The International Society for Optical 
Engineering: Helmet- and Head-Mounted Displays VIII: Technologies and Applications, 5079, 
174-183. 

Martin, T.M., & Pickford, R.W. (1938). The effect of veiling glare on apparent size relations. 
British Journal of Psychology, 29(2), 91-103. 

McCluskey, M.R., Wright, A.D., & Frederickson, E.W. (1968). Studies on training ground 
observers to estimate range to aerial targets. (Technical Report HUMRRO-TR-68-5). 
Alexandria, VA: George Washington University. Pp. 1-62. 

McCready, D. (1985). On size, distance, and visual angle perception. Perception and 
Psychophysics, 37(4), 323-334. 

McDonald, R.P., & O’Hara, P.T. (1964). Size-distance invariance and perceptual constancy. 
American Journal of Psychology, 77(2), 276-280. 

McFadden, H.B. (c1941). Three studies in psychological optics. Duncan, Oklahoma: Optometric 
Extension Program.  

McGreevy, M.W. & Ellis, S.R. (1986). The effect of perspective geometry on judged direction in 
spatial information instruments. Human Factors, 28(4), 439-456. 

McIntyre, H.M., & Roberts, M.E.C. (1995). Simulated visual scenes – Which are the critical 
cues? In Proceedings of the NATO AGARD Symposium on flight simulation – Where are the 
challenges? (AGARD-CP-577). Neuilly-sur-Seine, France: Advisory Group for Aerospace 
Research & Development. 2.1-2.7 

McKee, S. P., & Welch, L. (1992). The precision of size constancy. Vision Research, 32(8), 
1447-1460. 

McKennell, A.C. (1960). Visual size and familiar size: Individual differences. British Journal of 
Psychology, 51(1), 27-35. 

McNamara, T.P., Rump, B., & Werner, S. (2003). Egocentric and geocentric frames of reference 
in memory of large-scale space. Psychonomic Bulletin & Review, 10(3), 589-595. 

Meehan, J.W. (1993). Apparent minification in an imaging display under reduced viewing 
conditions. Perception, 22(9), 1075-1084. 

Meehan, J.W., & Day, R.H. (1995). Visual accommodation as cue for size. Ergonomics, 38(6), 
1239-1249. 

Meehan, J.W., & Triggs, T.J. (1988). Magnification effects with imaging displays depend on 
scene content and viewing condition. Human Factors, 30(4), 487-494. 



 

90 DRDC Toronto TR 2007-143 
 
 
 

Meehan, J.W., & Triggs, T.J. (1992). Apparent size and distance in an imaging display. Human 
Factors, 34(3), 303-311. 

Melzer, J.E., & Moffitt, K. (1991). Ecological approach to partial binocular-overlap. Proceedings 
of SPIE: The International Society for Optical Engineering: Large Screen Projection, Avionic, 
and Helmet-Mounted Displays, San Jose, CA, 1456, 175-191. 

Meng, J.C, & Sedgwick, H.A. (2001). Distance perception mediated through nested contact 
relations among surfaces. Perceptions & Psychophysics, 63(1), 1-15. 

Meng, J.C., & Sedgwick, H.A. (2002). Distance perception across spatial discontinuities. 
Perception and Psychophysics, 64(1), 1-14. 

Mercier, A. (1954). Night vision. Practical considerations in night flying | La vision nocturne. 
Considérations pratiques sur le vol de nuit. Médecine aéronautique et spatiale, 9(3), 291-301. 

Mercier, A., & Perdriel, G. (1961). L’entraînement de la vision nocturne |The training of night 
vision. Revue des corps de santé des armées: terre, mer, air, et du corps vétérinaire, 2, 649-652. 

Mershon, D.H., & Lembo, V.L. (1977). Scalar perceptions of distance in simple binocular 
configurations. American Journal of Psychology, 90(1), 17-28. 

Messing, R. (2004). Distance perception and cues to distance in virtual reality. Undergraduate 
Thesis. University of Rochester, USA. 

Messing, R.B., & Durgin, F.H. (2004a). Compression of distance perception in a live-video-fed 
head mounted display. Journal of Vision, 4(8), 382a. 

Messing, R.B., & Durgin, F.H. (2004b). Space perception and cues to distance in virtual reality. 
In Proceedings - 1st Symposium on Applied Perception in Graphics and Visualization (APGV 
2004), Los Angeles, CA, 73, pp. 176. 

Messing, R., & Durgin, F.H. (2005). Distance perception and the visual horizon in head mounted 
displays. ACM Transactions on Applied Perception, 2(3), 234-250. 

Miller, R.E., Provines, W.F., Block, M.G., Miller, J.W. and Tredici, T.J. (1984). Comparative 
visual performance with ANVIS (Aviator’s Night Vision Imaging System) and AN/PVS-5A 
night vision goggles under starlight conditions. (Technical Report No. USAFSAM-TR-84-28). 
USAF School of Aerospace Medicine, Brooks AFB TX. Pp. 1-25. 

Miller, R.J., & Patterson, R. (1995). Influence of flicker on perceived size and depth. Perception 
and Psychophysics, 57(5), 604-613. 

Mirzu, M., (2000). Design of an objective for night vision applications, taking in account the 
signal to noise ratio criteria. Proceedings of SPIE - The International Society for Optical 
Engineering: Photonics, Devices, and Systems, Prague, Czech Republic, 4016, 211-216. 



 

DRDC Toronto TR 2007-143 91 
 

 
 

Miskie, D., Dainoff, M., Sherman, R., & Johnston, L. (1975). Does distance perception change as 
the degree of enclosure changes: Some psychophysical studies under real and simulated 
conditions. Man-Environment Systems, 5(5), 317-320.  

Moffitt, K., Rogers, S.P., & Cicinelli, J. (1988). Chromatic aftereffects associated with a night 
vision goggle simulation. Aviation Space and Environmental Medicine, 59(2), 125-128. 

Morahan, P., Meehan, J.W., Patterson, J., Hughes, P.K. (1998). Ocular vergence measurement in 
projected and collimated simulator displays. Human Factors, 40(3), 376-585. 

Morrison, J.D. & Whiteside, T.C.D. (1984). Binocular cues in the perception of distance to a 
point source of light. Perception, 13(5), 555-566. 

Moshell, J.M., Blau, B.S., Knerr, B., Lampton, D.R., & Bliss, J.P. (1993). A research testbed for 
virtual environment training applications. Virtual Reality Annual International Symposium, 1993, 
1993 IEEE, Seattle, WA, Sept 18-22, 83-89. 

Mou, W., & McNamara, T.P. (2002). Intrinsic frames of reference in spatial memory. Journal of 
Experimental Psychology: Learning, Memory, and Cognition, 28(1), 162-170. 

Mou, W., McNamara, T.P., Valiquette, C.M., & Rump, B. (2004). Allocentric and egocentric 
updating of spatial memories. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 30(1), 142-157. 

Müller, H.J., & Busch, A. (2006). Visual search for size-defined target objects is modulated by 
the Ebbinghaus apparent-size illusion: Facilitatory and inhibitory effects of the context objects. 
Perception, 35(5), 671-700. 

Murata, A. (1999). Basic characteristics of human’s distance estimation. IEEE International 
Conference on Systems, Man, and Cybernetics, 1999. IEEE SMC '99 Conference Proceedings. 
Tokyo, Japan, Oct 12-15, 2, 38-43. 

Nakamizo, S., & Imamura, M. (2004). Verification of Emmert’s law in actual and virtual 
environments. Journal of Physiological Anthropology and Applied Human Science, 23(6), 325-
329. 

Nakamizo, S., & Shimono, K. (2001). Depth scaling by the visual system with absolute distance 
information: A review. Vision, 13, 163-180 [Japanese with English abstract] 

Neale, D.C. (1996). Spatial perception in desktop virtual environments.  In Proceedings of the 
Human Factors and the Ergonomics Society 40th Annual Meeting, Philadephia, PA, 2, 1117-
1121. 

Neggers, S.F.W., Schölvinck, M.L., van der Lubbe, R.H.J., & Postma, A. (2005). Quantifying the 
interactions between allo- and egocentric representations of space. Acta Psychologica, 118 (1-2 
SPEC. ISS.), 25-45. 

Newman, C.V. (1971). The influence of visual texture density gradients on relative distance 
judgments. Quarterly Journal of Experimental Psychology, 23(2), 225-233. 



 

92 DRDC Toronto TR 2007-143 
 
 
 

Newman, C.V. (1973). Variations in size judgments as a function of surface texture. Quarterly 
Journal of Experimental Psychology, 25(2), 260-264. 

Niall, K.K. (1989). Projective invariance and visual shape constancy. Acta Psychologica, 72, 65-
79. 

Niall, K.K. (1992). Projective invariance and the kinetic depth effect. Acta Psychologica, 81, 127-
168. 

Niall, K.K. (1999). Estimates of shape by eye, or, the little invariant that could. Acta 
Psychologica, 100, 291-320. 

Niall, K.K. & Macnamara, J. (1989). Projective invariance and visual shape constancy. Acta 
Psychologia, 72(1), 65-79. 

Niall, K.K., Reising, J.D., & Martin, E.L. (1997). Distance estimation with night vision goggles: 
A direct feedback training method (AL/HR-TR-1996-0148). Mesa, AZ: Armstrong Laboratory, 
Human Resources Directorate, Aircrew Training Research Division. Pp. 1-34. 

Niall, K.K., Reising, J.D. & Martin, E.L. (1999). Distance estimation with night vision goggles: 
A little feedback goes a long way. Human Factors, 41(3), 495-506. 

Norman, J. (1980). Direct and indirect perception of size. Perception and Psychophysics, 28(4), 
306-314.  

Norman, J.F., Todd, J.T., Perotti, V.J, Tittle, J.S. (1996). The visual perception of three-
dimensional length. Journal of Experimental Psychology: Human Perception and Performance, 
22(1), 173-186. 

Ogle, K.N. (1958). Note on stereoscopic acuity and observation distance. Journal of the Optical 
Society of America, 48(11), 794-798. 

Ohtsuka, S., Ujike, H., & Sajda, S. (2002). Relative distance cues contribute to scaling depth from 
motion parallax. Perception and Psychophysics, 64(3), 405-414. 

Oliver, J.R., & Lauer, A.R. (1956). Correlation of speed and distance judgment with visual acuity. 
American Journal of Optometry, 33(5), 263-265. 

Ono, H. (1966). Distal and proximal size under reduced and non-reduced viewing conditions. 
American Journal of Psychology, 79(2), 234-241. 

Ono, H. (1969). Apparent distance as a function of familiar size. Journal of Experimental 
Psychology, 79(1), 109-115. 

Ono, H. (1970). Some thoughts of different perceptual tasks related to size and distance. In J.C. 
Baird (Ed), Human Space Perception: Proceedings of the Dartmouth Conference. Psychonomic 
Monograph Supplements, 3(13, Whole No. 45), 143-151. 



 

DRDC Toronto TR 2007-143 93 
 

 
 

Ono, M., Rivest, J., & Ono, H. (1986). Depth perception as a function of motion parallax and 
absolute distance information. Journal of Experimental Psychology: Human Perception and 
Performance, 12(3), 331-337. 

Ooi, T.L., Wu, B., & He, Z.J. (2001). Distance determined by the angular declination below the 
horizon. Nature, 414(6860), 197-200. 

Ooi, T.L., Wu, B., & He, Z.J. (2006). Perceptual space in the dark affected by the intrinsic bias of 
the visual system. Perception, 35(5), 605-624. 

Over, R. (1960). The effect of instructions on size judgments under reduction conditions. 
American Journal of Psychology, 73, 599-602. 

Over, R. (1963). Size and distance estimates of a single stimulus under different viewing 
conditions. American Journal of Psychology, 76(3), 452-457. 

Owens, D.A. & Leibowitz, H.W. (1976). Oculomotor adjustments in darkness and the specific 
distance tendency. Perception and Psychophysics, 20(1), 2-9. 

Owens, D.A., & Leibowitz, H.W. (1980). Accommodation, convergence, and distance perception 
in low illumination. American Journal of Optometry & Physiological Optics, 57(9), 540-550. 

Oyama, T. (1974). Perceived size and perceived distance in stereoscopic vision and an analysis of 
their causal relations. Perception and Psychophysics, 16(1), 175-181. 

Palmer, E., & Cronn, F.W. (1976). Touchdown performance with a computer graphics night 
visual attachment. Journal of Aircraft, 13(2), 89-92. 

Palmer, E. & Petitt, J. (1977). A measure of psychological realism on a visual simulator. Journal 
of Aircraft, 14(5), 421-422. 

Park, J.N., & Michaelson, G.J. (1974). Distance judgments under different size information 
conditions. Perception and Psychophysics, 15(1), 57-60. 

Patterson, R., Winterbottom, M.D., & Pierce, B.J. (2006). Perceptual issues in the use of head-
mounted visual displays. Human Factors, 48(3), 555-573. 

Peli, E. (1998). The visual effects of head-mounted display (HMD) are not distinguishable from 
those of desk-top computer display. Vision Research 38(13), 2053-2066. 

Peli, E. (1999). Optometric and perceptual issues with head-mounted displays. In P. Mouroulis 
(Ed.), Visual instrumentation: Optical design and engineering principles (pp. 205-276). New 
York: McGraw-Hill. 

Persike, M., & Meinhardt, G. (2006). Synergy of features enables detection of texture defined 
figures. Spatial Vision, 19(1), 77-102.  



 

94 DRDC Toronto TR 2007-143 
 
 
 

Philbeck, J.W., & Loomis, J.M., (1997). Comparison of two indicators of perceived egocentric 
distance under full-cue and reduced-cue conditions. Journal of Experimental Psychology, 23(1), 
72-85. 

Piantanida, T.P., Boman, D., Larimer, J., Gille, J., & Reed, C. (1992). Studies of the field of 
view/resolution tradeoff in virtual-reality systems. Proceedings of Human Vision, Visual 
Processing, and Digital Display III, SPIE Proceedings, 1666, 448-456. 

Pierce, B.J., & Geri, G.A. (1997). Changes in perceived velocity with viewing distance. 
Investigative Ophthalmology and Visual Science 38(4), S379. 

Pierce, B.J., & Howard, I.P. (1997). Types of size disparity and the perception of surface slant. 
Perception 26(12), 1503-1517. 

Pierno, A.C., Caria, A., & Castiello, U. (2004). Comparing effects of 2-D and 3-D visual cues 
during aurally aided target acquisition. Human Factors, 46(4), 728-737. 

Pinkus, A., & Task, H.L. (1998). Measuring observers’ visual acuity through night vision 
goggles. SAFE Symposium Proceedings, Phoenix, AZ, Sep 14-16, 1-11. 

Pinkus, A., & Task, H.L. (1999). Reproducibility of night vision goggle visual acuity 
measurements using Landolts Cs. (Rep No. ASC99-2057). Wright Patterson, AFB, Ohio: Air 
Force Research Laboratory. Pp. 1-6. 

Pinkus, A., & Task, H.L. (2000). Night vision goggles objective lens focusing methodology. 
Proceedings – Annual SAFE Symposium (Survival and Flight Equipment Association), Reno, NV, 
25-30. 

Pinkus, A., & Task, H.L. (2004). Night vision goggle luminance disparity and the Pulfrich 
phenomenon. Proceedings of SPIE - The International Society for Optical Engineering 5442: 
Helmet- and Head-Mounted Displays IX: Technologies and Applications, Orlando, FL, 54-63 

Pinkus, A., Task, H.L., Dixon, S., & Goodyear, C. (2000). Reproducibility limits of night vision 
goggle visual acuity measurements. SAFE Journal 30 (1), 131-138. 

Pleban, R.J., & Beal, S.A. (2002). Simulating night vision goggle effects in a virtual environment: 
a preliminary evaluation. (Report No. ADA402194) Alexandria, VA: United States Army 
Research Institute for the Behavioral and Social Sciences. Pp. 1-27. 

Plumert, J.M., Kearney, J.K., & Cremer, J.F. (2004). Distance perception in real and virtual 
environments. In Proceedings of the First Symposium on Applied Perception in Graphics and 
Visualization (APGV), New York, NY: ACM Press; 27-34. 

Pollehn, H.K. (1988). Analysis of field test comparing second and third generation image 
intensifiers. (Report No. AMSEL-NV-TR-0069). Fort Belvoir, VA: Center for Night Vision and 
Electro-Optics. Pp. 1-40. 

Pratt, C.C. (1950). The role of past experience in visual perception. Journal of Psychology: 
Interdisciplinary and Applied, 30, 85-107. 



 

DRDC Toronto TR 2007-143 95 
 

 
 

Predebon, G.M., Wenderoth, P.M., & Curthoys, I.S. (1974). The effects of instructions and 
distance on judgments of off-size familiar objects and natural viewing conditions. American 
Journal of Psychology, 87(3), 425-439. 

Predebon, J. (1992). The role of instructions and familiar size in absolute judgments of size and 
distance. Perception and Psychophysics, 51(4), 344-354. 

Predebon, J. (1993). The familiar size cue to distance and stereoscopic depth perception, 
Perception, 22(8), 985-995. 

Predebon, J. (1994). Perceived size of familiar objects and the theory of off-sized perceptions. 
Perception and Psychophysics, 56(2), 238-247. 

Price, G.R. (1961). An Emmert’s law of apparent sizes. Psychological Record, 11, 145-151. 

Priot, A.E., Hourlier, S., Giraudet, G., Leger, A., & Roumes, C. (2006). Hyperstereopsis in night 
vision devices: Basic mechanisms and impact for training requirements. Proceedings of SPIE – 
The International Society for Optical Engineering: Helmet- and Head-Mounted Displays XI: 
Technologies and Applications, Kissimmee, FL, 6224, Art No. 62240N. 

Proffitt, D.R. (2006). Distance perception. Current Directions in Psychological Science, 15(3), 
131-135. 

Proffitt, D.R., Stefanucci, J., Banton, T., & Epstein, W. (2006a). A final reply to Hutchison and 
Loomis. The Spanish Journal of Psychology, 9(2), 346-348. 

Proffitt, D.R., Stefanucci, J., Banton, T., & Epstein, W. (2006b). Reply to Hutchison and Loomis. 
The Spanish Journal of Psychology, 9(2), 340-342. 

Proffitt, D.R., Stefanucci, J., Banton, T., & Epstein, W. (2003). The role of effort in perceiving 
distance. Psychological Science, 14(2), 106-112. 

Psotka, J., Lewis, S.A., & King, D. (1998). Effects of field of view on judgments of self-location: 
Distortions in distance estimations even when the image geometry exactly fits the field of view. 
Presence: Teleoperators and Virtual Environments, 7(4), 352-369. 

Purdy, J. & Gibson, E.J. (1955). Distance judgments by the method of fractionation. Journal of 
Experimental Psychology, 50(6), 374-380. 

Rabin, J. (1993). Vernier acuity through night vision goggles. Optometry and Vision Science 
70(8), 689-691. 

Rabin, J. (1994a). Flicker detection through night vision goggles. Aviation Space and 
Environmental Medicine 65(2), 106-109. 

Rabin, J. (1994b). Visual evoked potentials through night vision goggles. Aviation Space and 
Environmental Medicine 65(4), 345-347.  



 

96 DRDC Toronto TR 2007-143 
 
 
 

Rabin, J., & Wiley, R. (1995). Dynamic visual performance: comparison between helmet-
mounted CRTs and LCDs. Journal of the Society for Information Display, 3(3), 97-100. 

Randle, R.J., Roscoe, S.N., & Petitt, J.C. (1980). Effects of magnification and visual 
accommodation on aimpoint estimation in simulated landings with real and virtual image 
displays. (NASATP1635). National Aeronautics and Space Administration, Washington, DC, 
USA. Pp. 1-28. 

Ratoosh, P. (1949). On interposition as cue for the perception of distance. Proceedings of the 
National Academy of Sciences, Washington, 35, 257-259. 

Reis, G.A., Marasco, P.L., Havig, P.R., Heft, E.L. (2004). Psychophysical measurement of night 
vision goggle noise using a binocular display. Proceedings of SPIE - The International Society for 
Optical Engineering: Helmet- and Head-Mounted Displays IX: Technologies and Applications, 
Orlando, FL, 5442, 13-24. 

Reis, G.A., Marasco, P.L., Havig, P.R., Heft, E.L., Goodyear, C.D. (2005). Characterizing night 
vision goggle noise using the method of paired comparisons. Proceedings of SPIE - The 
International Society for Optical Engineering: Helmet - and Head-Mounted Displays X: 
Technologies and Applications, Orlando, FL, 5800, art. no. 03, 9-20  

Reising, J.D., & Martin, E.L. (1994). Distance estimation training with night vision goggles: A 
preliminary study. (Technical Report AL/HR-TR-1994-0090). Mesa, AZ: Aircrew Training 
Research Division, Armstrong Laboratory. 

Reising, J.D., & Martin, E.L. (1995). Distance estimation training with night vision goggles 
under low illumination. (Technical Report AL/HR-TR-1994-0138). Mesa, Arizona: Warfighter 
Training Research Division Air Force Research Laboratory.   

Reising, J.D., Martin, J.J., & Martin, E.L. (1997). Quantification of night vision goggle image 
halos (AL/HR-TR1997-0071). Mesa, Arizona: Armstrong Laboratory, Human Resources 
Directorate, Aircrew Training Research Division. 

Renshaw, P.F., Wiggins, M.W. (2007). A self-report critical incident assessment tool for army 
night vision goggle helicopter operations. Human Factors 49(2), 200-213. 

Richards, J.T., Oman, C.M., Shebilske, W.L., Beall, A.C., Liu, A., & Natapoff, A. (2002-2003).  
Training, transfer, and retention of three-dimensional spatial memory in virtual environments. 
 Journal of Vestibular Research: Equilibrium & Orientation, 12(5-6), 223-238. 

Richardson, A.R. & Waller, D. (2005). The effect of feedback training on distance estimation in 
virtual environments. Applied Cognitive Psychology 19(8), 1089-1108. 

Riegler, J.T., Whiteley, J.D., Task, H.L., & Schueren, J. (1991). The effect of signal-to-noise ratio 
on visual acuity through night vision goggles. (Tech. Rep. No. AL-TR-1991-0011). Dayton, OH: 
Logicon Technical Services, Inc. Pp. 1-30. 



 

DRDC Toronto TR 2007-143 97 
 

 
 

Riener, C.R., Witt, J.K., Stefanucci, J.K., & Proffitt, D.R. (2005). Seeing beyond the target: An 
effect of environmental context on distance perception [Abstract]. Journal of Vision, 5, 195a.  

Rieser, J.J., Ashmead, D.H., Talor, C.R., & Youngquist, G.A. (1990). Visual perception and the 
guidance of locomotion without vision to previously seen targets. Perception, 19(5), 675-689. 

Rieser, J.J., Pick, H.L., Jr., Ashmead, D., & Garing, A. (1995). Calibration of human locomotion 
and models of perceptual-motor organization. Journal of Experimental Psychology: Human 
Perception and Performance, 21(3), 480-497. 

Ritter, M. (1977). Effect of disparity and viewing distance on perceived depth. Perception and 
Psychophysics, 22(4), 400-407. 

Ritter, M. (1979). Perception of depth: Processing of simple positional disparity as a function of 
viewing distance. Perception and Psychophysics, 25(3), 209-214. 

Rivamonte, A. (1990). Resolution and signal-to-noise measurement U.S. army night vision 
goggles. Proceedings of SPIE - The International Society for Optical Engineering: Helmet-
Mounted Displays II, Orlando, FL, USA, 1290, 206-215. 

Rivest, J., Ono, H., Saida, S. (1989). The roles of convergence and apparent distance in depth 
constancy with motion parallax. Perception and Psychophysics, 46(5), 401-408. 

Rix, R., Tyer, Z., & Pasnak, R. (1983). Stimulus size and visual angle in a cue-reduced 
experimental setting. Bulletin of the Psychonomic Society, 21(1), 29-30. 

Robinett, W., & Holloway, R. (1995). The visual display transformation for virtual reality. 
Presence-Teleoperators and Virtual Environments, 4, 1-23. 

Rodrigues, A.A., & Marques, S.L. (2006). Influence of the instructions on the performance and 
establishment of memorization strategies in space judgments. The Spanish Journal of Psychology, 
9(2), 312-320. 

Roelofs, C. (1959). Considerations on the visual egocentre. Acta Psychologica, 16, 226-234.   

Rogers, B.J. (1993). Motion parallax and other dynamic cues for depth in humans. Reviews of 
Oculomotor Research, 5, 119-137. 

Rogers, B.J., & Anstis, S.M. (1972). Intensity versus adaptation and the Pulfrich 
stereophenomenon. Vision Research, 12, 909-928. 

Rogers, B.J., & Bradshaw, M.F. (1993). Vertical disparities, differential perspective and 
binocular stereopsis, Nature, 36(6409), 253-255. 

Rogers, B.J., & Graham, M. (1979). Motion parallax as an independent cue for depth. Perception, 
8(2), 125-134. 

Rogers, S.P., & Gogel, W.C. (1975). Relation between judged and physical distance in multicue 
conditions as a function of instructions and tasks. Perceptual and Motor Skills, 41(1), 171-178. 



 

98 DRDC Toronto TR 2007-143 
 
 
 

Rolland, J.P., Gibson, W., & Arierly, D. (1995). Towards quantifying depth and size perception 
as a function of viewing distance. Presence: Teleoperators and Virtual Environments, 4, 24-49. 

Rolland, J.P., Holloway, R.L., & Fuchs, H. (1995). Comparison of optical and video see-through 
head-mounted displays. In Proceedings of SPIE – The International Society for Optical 
Engineering: Telemanipulator and Telepresence Technologies, Boston, MA, 2351, 293-307. 

Roscoe, S.N. (1984). Judgments of size and distance with imaging displays. Human Factors, 
26(6), 617-629. 

Roscoe, S.N. (1987). The trouble with virtual images revisited. Human Factors Society Bulletin, 
30(11), 3-5. 

Roscoe, S.N. (1993a). The eyes prefer real images. In S.R. Ellis, M.K. Kaiser, & A.C. Grunwald 
(Eds.), Pictorial communication in virtual and real environments. (pp. 577-585) Philadelphia, 
PA, USA: Taylor and Francis.  

Roscoe, S.N. (1993b). Visual orientation: Facts and hypotheses. International Journal of Aviation 
Psychology, 3(3), 221-229. 

Roscoe, S.N., & Couchman, D.H. (1987). Improving visual performance through volitional focus 
control. Human Factors, 29(3), 311-325. 

Roscoe, S.N., Olzak, L.A., & Randle, R.J. (1976). Ground-referenced visual orientation with 
imaging displays. (Rep No. BEL-80-3/AFOSR-80-3). Las Cruces, New Mexico: New Mexico 
State University Las Cruces Behavioral Engineering Lab. Pp. 1-10. 

Roumes, C., Meehan, J.W., Plantier, J., Menu, J.P. (2001). Distance estimation in a 3-D imaging 
display. International Journal of Aviation Psychology 11(4), 381-396. 

Roumes, C., Plantier, J., & Menu, J.P. (1991). L'avenir est-il au visuel de casque binoculaire? In 
Proceedings of the NATO AGARD HFM Symposium on helmet mounted displays and night vision 
goggles (AGARD-CP-517). Neuilly-sur-Seine, France: Advisory Group for Aerospace Research 
& Development. 

Roumes, C., Plantier, J., & Menu, J.P. (1992) Evaluation d'informations présentées en 
stéréoscopie en cours d'une tache de pilotage [Evaluation of stereoscopic information during a 
pilotage task] (Tech. Rep. No. CERMA 92-07). Paris: Centre d'Etudes et de Recherches de 
Médecine Aérospatiale. 

Roumes, C., Plantier, J., & Menu, J.P., & Thorpe, S. (1997). The effects of spatial frequency on 
binocular fusion: From elementary to complex images. Human Factors, 39(3), 359-373. 

Rowland, J.H. (1999). The effects of texture on distance estimation in synthetic environments. 
Master’s thesis. Naval Postgraduate School, Monterey, CA. 

Ruddle, R.A., Payne, S.J., & Jones, D.M. (1997). Navigating buildings in “desk-top” virtual 
environments: Experimental investigations using extended navigational experience. Journal of 
Experimental Psychology: Applied, 3(2), 143-159. 



 

DRDC Toronto TR 2007-143 99 
 

 
 

Ruddle, R.A., Payne, S.J., & Jones, D.M. (1999). Navigating large-scale virtual environments: 
What differences occur between helmet-mounted and desk-top displays? Presence: Teleoperators 
and Virtual Environments, 8(2), 157-168. 

Ruffner, J.W., Woodward, K.G. (2001). Computer-based and web-based applications for night 
vision goggle training. Proceedings of SPIE - The International Society for Optical Engineering: 
Helmet- and Head-Mounted Displays VI, Orlando, FL, 4361, 148-158. 

Ruffner, J.W., Woodward, K.G., Piccione, D. (2000). Human factors design and training issues in 
the development of a night driving training aid. Proceedings of the XIVth Triennial Congress of 
the International Ergonomics Association and 44th Annual Meeting of the Human Factors and 
Ergonomics Association, 'Ergonomics for the New Millennium', San Diego, CA, pp. 440. 

Ryu, J., Hashimoto, N., & Sato, M. (2005). Influence of resolution degradation on distance 
estimation in virtual space displaying static and dynamic image. In 2005 International 
Conference on Cyberworlds (CW’05), Singapore, Nov 2005, 23-25. 

Saidpour, A., Andersen, G.J, & Braunstein, M.L. (1997). Effect of texture and viewing condition 
on viewer-centered and object-centered judgments of scene depth. Investigative Ophthalmology 
and Visual Science, 38(4), S1010. 

Salazar, G., Temme, L., & Antonio, J.C. (2003). Civilian use of night vision goggles. Aviation, 
Space, and Environmental Medicine, 74(1), 79-84. 

Sanders, M.G., Kimball, K.A., Frezell, T.L., & Hofmann, M.A. (1976). Helicopter flight 
performance with the AN/PVS-5, night vision goggles (AGARD-CP-182.). In The Use of In-
flight Evaluation for the Assessment of Aircrew Fitness. Neuilly-sur-Seine, France:  AGARD, 
ADA023915, B5-1 – B5-15. 

Satalich, G. (1995). Navigation and wayfinding in virtual reality: Finding the proper tools and 
cues to enhance navigational awareness. Unpublished master’s thesis, University of Washington, 
Seattle. Available online at http://www.hitl.washington.edu/publications/satalich/ . 

Scano, A., & Menghetti, E. (1970). Night vision adaptation in homogenous groups of pilots in 
multiengine aircraft and of non-pilots. [L'adattamento alla visione notturna in gruppi omogenei di 
piloti di velivoli plurimotori e di non piloti.]  Rivista di medicina aeronautica e spaziale, 33(1), 
168-174. 

Schiffman, H.R. (1967). Size estimation of familiar objects under informative and reduced 
conditions of viewing. American Journal of Psychology, 80(2), 229-235. 

Schlosberg, H. (1950). A note on depth perception, size constancy and related topics. Psychology 
Review, 57(5), 314-317. 

Schneibel, W. (2000). Night vision goggles – civil versus military use. Air Medical Journal, 
19(4), 151. 



 

100 DRDC Toronto TR 2007-143 
 
 
 

Schor, C.M, & Task, H.L. (1996). Effects of overlay symbology in night vision goggles on 
accommodation and attention shift. Aviation, Space, and Environmental Medicine, 67(11), 1039-
1047. 

Schwartz, R.B., & Charity, B.M. (2001). Use of night vision goggles and low-level light source in 
obtaining intravenous access in tactical conditions of darkness. Military Medicine, 166(11), 982-
983.  

Seagull, F.J., & Gopher, D. (1997). Training head movement in visual scanning: An embedded 
approach to the development of piloting skills with helmet-mounted displays.  Journal of 
Experimental Psychology: Applied, 3(3), 163-180. 

Sedgwick, H.A. (1973). The visible horizon: A potential source of visual information for the 
perception of size and distance.  Dissertation Abstracts International, 34(3-B), 1301-1302. 

Sedgwick, H.A. (1983). Environment-centered representation of spatial layout: Available visual 
information from texture and perspective. In J. Beck, B. Hope, & A. Rosenfeld (Eds.), Human 
and machine vision (pp. 425-458). New York: Academic. 

Sedgwick, H.A. (2002). Relating direct and indirect perception of spatial layout. In: H. Hecht, R. 
Schwartz, & M. Atherton. Looking into pictures: An interdisciplinary approach to pictorial space 
(pp. 61-75). Cambridge, MA, US: MIT Press.  

Seidel, R.J., & Chatelier, P.R. (1997). Virtual reality, training’s future?: Perspectives on virtual 
reality and related emerging technologies. New York: Plenum Press. 

Servos, P. (2000). Distance estimation in the visual and visuomotor systems. Experimental Brain 
Research, 130(1), 35-47. 

Sheehy, J.B., & Wilkinson, M. (1989). Depth perception after prolonged usage of night vision 
goggles. Aviation Space and Environmental Medicine, 60(6), 573-579. 

Shelton, A., & McNamara, T.P. (2004). Spatial memory and perspective taking. Memory & 
Cognition, 32(3), 416-426. 

Sheth, B.R., & Shimojo, S. (2004). Extrinsic cues suppress the encoding of intrinsic cues. Journal 
of Cognitive Neuroscience, 16(2), 339-350.  

Shipley, T. (1974). Thresholds and resolution in human vision: A new approach to night vision 
testing. Human Factors, 16(1), 56-64.  

Sholl, M.J., & Bartels, G.P. (2002). The role of self-to-object updating in orientation-free 
performance on spatial memory tasks. Journal of Experimental Psychology: Learning, Memory, 
and Cognition, 28(3), 422-436. 

Sholl, M.J., & Fraone, S.K. (2004). Visuospatial working memory for different scales of space: 
Weighing the evidence. In G.L. Allen (Ed.), Human spatial memory: Remembering where (pp. 
67-100). Mahwah, NJ: Lawrence Erlbaum Associates Publishers. 



 

DRDC Toronto TR 2007-143 101 
 

 
 

Sinai, M.J., Ooi, T.L., & He, Z. J. (1998). Terrain influences the accurate judgment of distance. 
Nature, 395(6701), 497-500. 

Smith, G., Meehan, J.W., & Day, R.H. (1992). The effect of accommodation on retinal image 
size. Human Factors, 34(3), 289-301. 

Smith, W.M. (1953). A methodological study of size-distance perception. Journal of Psychology: 
Interdisciplinary and Applied, 35, 143-153. 

Spandau, U.H.M., Wechsler, S., Blankenagel, A. (2002). Testing night vision goggles in a dark 
outside environment. Optometry and Vision Science 79(1), 39-45.  

Stanney, K.M., Kingdon, K.S., & Graeber, D. (2002). Human performance in immersive virtual 
environments: effects of exposure duration, user control, and scene complexity. Human 
Performance, 15(4), 339-366. 

Steenhuis, R.E. & Goodale, M.A. (1988). The effects of time and distance on accuracy of target-
directed locomotion: Does an accurate short-term memory for spatial location exist? Journal of 
Motor Behavior, 20(4), 399-415. 

Stefanik, R.J. (1989). Night sky radiometric measurements during follow-on evaluation testing of 
AN/PVS-7(A,B) at Fort Benning, GA. (Report No. AMSEL-NV-TR-0079). Fort Belvoir, VA: 
Center for Night Vision and Electro-Optics. Pp. 1-120. 

Stewart, J.E. (1996). The effects of the AH-64A pilot’s night vision system on the performance of 
seven simulated maneuver tasks. International Journal of Aviation Psychology 7(3), 183-200. 

Stone, L.W., & Duncan, C.E. (1984). Effects of extended use of AN/PVS-5 night vision goggles 
on helicopter pilots’ performance. US Army Aeromedical Research Laboratory, USAARL-84-3, 
AD-A138 126. 

Stone, L.W., Sanders, M.G., Glick, D.D., Wiley, R.W., & Kimball, K.A. (1980). A human 
performance workload evaluation of the AN-PVS-5 bifocal night vision goggles. Aviation, Space, 
and Environmental medicine, 51(8), 797-804. 

Sun, H.J., Campos, J.L., Young, M., Chan, G.S.W., & Ellard, C.G. (2004). The contributions of 
static cues, nonvisual cues, and optic flow in distance estimation. Perception, 33, 49-65. 

Surdick, R.T., Davis, E.T., King, R.A., & Hodges, L.F. (1997). The perception of distance in 
simulated virtual displays: A comparison of the effectiveness and accuracy of multiple depth cues 
across viewing distances. Presence: Teleoperators and Virtual Environments, 6(5), 513-531. 

Swanston, M.T., & Gogel, W.C. (1986) Perceived size and motion in depth from optical 
expansion. Perception and Psychophysics, 39(5), 309-326. 

Swanston, M.T., Wade, N.J., Ono, H., Shibuta, K. (1992). The interaction of perceived distance 
with the perceived direction of visual motion during movements of the eyes and the head. 
Perception and Psychophysics 52(6), 705-713. 



 

102 DRDC Toronto TR 2007-143 
 
 
 

Swenson, H.A., (1932). The relative influence of accommodation and convergence in the 
judgment of distance. Journal of General Psychology, 7, 360-380. 

Task, H.L. (2001). Night vision goggle visual acuity assessment: Results of an interagency test. 
Proceedings of SPIE - The International Society for Optical Engineering: Helmet- and Head-
Mounted Displays VI, Orlando, FL, 4361, 130-137. 

Task, H.L., Hartman, R., Marasco, P.L., Zobel, A, (1993). Methods for measuring characteristics 
of night vision goggles (U), (Report No. AL/CF-TR-1993-0177). Wright-Patterson AFB, OH: 
Armstrong Laboratory. Pp. 1-57. 

Task, H.L., & Pinkus, A.R. (2003). Night vision goggle objective lens focusing at different 
distances using artificial objects, natural objects and the Hoffman 20/20TM Tester. SAFE 
Journal, 31(1), 20-26. 

Task, H.L., Pinkus, A.R., Barbato, M.H., Hausmann, M.A. (2005). Night vision imaging system 
lighting evaluation methodology. Proceedings of SPIE - The International Society for Optical 
Engineering, 5800, art. no. 08, 45-54. 

Taylor, D.W., & Boring, E.G. (1942). Apparent visual size as a function of distance for 
monocular observers. American Journal of Psychology, 55, 102-105. 

Teghtsoonian, M. (1974). The doubtful phenomenon of over-constancy. In H.R. Moskowitz, B. 
Scharf, & J.C. Stevens (Eds.), Sensation and measurement: Papers in hounor of S.S. Stevens 
(pp.469). Oxford, England: D. Reidel. 

Teghtsoonian, M., & Teghtsoonian, R. (1969). Scaling apparent distance in natural indoor 
settings. Psychonomic Science, 16(6), 281-283. 

Teghtsoonian, R., & Teghtsoonian, M. (1970). Scaling apparent distance in natural outdoor 
settings. Psychonomic Science, 21(4), 215-216. 

Teichner, W.H., Kobrick, J.L., & Wehrkamp, R.F. (1955). The effects of terrain and observation 
distance on relative depth discrimination. American Journal of Psychology, 68, 193-208. 

Thacker, C. (2002). Advanced night vision goggles (ANVG). Proceedings of SPIE - The 
International Society for Optical Engineering: Low-Light-Level and Real-Time Imaging Systems, 
Components, and Applications, Seattle, WA, 4796, 136-139. 

Theleman, S., Hegarty, J., Vollmerhausen, R., Scott, C., Schroeder, J., Colby, F.P., & Napier, S. 
(2006). New weather depiction technology for Night Vision Goggle (NVG) training. Proceedings 
of SPIE - The International Society for Optical Engineering: Atmospheric Optical Modeling, 
Measurement, and Simulation II, San Diego, CA, 6303, Art. No. 63030F. 

Thomas, P. J., Allison, R. S., & Carr, P., Shen, E., Jennings, S., Macuda, T., Craig, G., & 
Hornsey, R. (2005). Physical modelling and characterization of the halo phenomenon in night 
vision goggles. Proceedings of SPIE – The International Society for Optical Engineering: Helmet 
and Head-Mounted Displays X: Technologies and Applications, Orlando, FL, 5800, 21-31. 



 

DRDC Toronto TR 2007-143 103 
 

 
 

Thomas, P.J., Allison, R.S., Jennings, S., Yip, K., Savchenko, E., Tsang, I., Macuda, T., Hornsey, 
R. (2004). Validation of synthetic imagery for night vision devices. Proceedings of SPIE - The 
International Society for Optical Engineering: Helmet- and Head-Mounted Displays IX: 
Technologies and Applications, Orlando, FL, 5442, 25-35. 

Thompson, W.B., Willemsen, P., Gooch, A.A., Creem-Regehr, S.H., Loomis, J.M., Beall, A.C., 
(2004). Does the quality of the computer graphics matter when judging distances in visually 
immersive environments? Presence: Teleoperators and Virtual Environments, 13(5), 560-571. 

Thomson, J.A. (1983). Is continuous visual monitoring necessary in visually guided locomotion? 
Journal of Experimental Psychology: Human Perception and Performance, 9(3), 427-443. 

Thorndycraft, D. (2003). Assessment of panoramic and conventional night vision goggles. 
Proceedings of SPIE - The International Society for Optical Engineering: Helmet- and Head-
Mounted Displays VII: Technologies and Applications, Orlando, FL, 5079, 137-153. 

Thouless, R.H. (1931a). Phenomenal regression to the real object I. British Journal of 
Psychology, 21(4), 339-359. 

Thouless, R.H. (1931b). Phenomenal regression to the real object II. British Journal of 
Psychology, 22(1), 1-30. 

Thouless, R.S. (1933). Phenomenal regression to the real object. Nature, 131, 261-263. 

Tittle, J.S.,  Todd, J.T., Perotti, V.J., & Norman, J.F. (1995). Systematic distortion of perceived 
three-dimensional structure from motion and binocular stereopsis. Journal of Experimental 
Psychology: Human Perception and Performance, 21(3), 663-678. 

Tjernstrom, L. (1993). Night vision goggles resolution performance at low contrast levels. 
Proceedings of SPIE - The International Society for Optical Engineering: Infrared Technology 
XVIII, San Diego, CA, 1762, 206-210. 

Todd, J.T., & Akerstrom, R.A. (1987). Perception of three-dimensional form from patterns of 
optical texture. Journal of Experimental Psychology: Human Perception and Performance, 13(2), 
242-255. 

Todd, J.T., & Norman, J.F. (2003). The visual perception of 3-D shape from multiple cues: are 
observers capable of perceiving metric structure? Perception & Psychophysics, 65(1), 31-47. 

Todd, J.T., Tittle, J.S., & Norman, J.F. (1995). Distortions of three-dimensional space in the 
perceptual analysis of motion and stereo. Perception, 24(1), 75-86. 

Toet, A., Kooi, F.L., Kuijper, F., & Smeenk, R.J.M. (2005). Objective assessment of simulated 
daytime and NVG image fidelity. In Proceedings of SPIE - The International Society for Optical 
Engineering: Enhanced and Synthetic Vision 2005, Orlando, FL, 5802, Art No 13, 144-153. 

Toye, R.C., (1986). The effect of viewing position on the perceived layout of space. Perception 
and Psychophysics, 40(2), 85-92. 



 

104 DRDC Toronto TR 2007-143 
 
 
 

Tozawa, J. & Oyama, T. (2006). Effects of motion parallax and perspective cues on perceived 
size and distance. Perception, 35(8), 1007-1023. 

Tresilian, J.R., Mon-Williams, M., & Kelly, B.M. (1999). Increasing confidence in vergence as a 
cue to distance. Proceedings of the Royal Society – Biological Sciences (Series B), 266(1414), 39-
44. London. 

Ueno, T. (1962). The size-distance invariance hypothesis and psychophysical law. Japanese 
Psychological Research, 4,  99-112. 

Ueno, Y. (1926). Experiments on perceptual judgment of space bisection. Japanese Journal of 
Psychology, 1, 453-475. 

Uttal, W.R., Baruch, T., & Allen, L. (1994). Psychophysical foundations of a model of amplified 
night vision in target detection tasks. Human Factors, 36(3), 488-502. 

Van der Meer, H.C. (1979). Interrelation of the effects of binocular disparity and perspective cues 
on judgments of depth and height. Perception and Psychophsyics, 26(6), 481-488. 

Van Tuyl, M.C. (1937). Monocular perception of distance. American Journal of Psychology, 49, 
515-542. 

Van Voorhis, W.R. (1941). The improvement of space perception ability by training. 
Unpublished doctor’s dissertation, Pennsylvania State College. 

Verona, R.W., & Rash, C.E. (1989). Human factors and safety considerations of night vision 
systems flight. (Tech Rep AD-A211 783). Fort Rucker: United States Army Aeromedical 
Research Laboratory, pp. 1-19. 

Verrillo, R.T. (1983). Stability of line-length estimates using the method of absolute magnitude 
estimation. Perception and Psychophysics, 33(3), 261-265. 

Vianin, P., Baumberger, B., & Flückiger, M. (1995). Distance estimation in a dynamic simulated 
environment: A visual field dependence problem? Perception, 33(5), 561-568. 

Vincent, R.J., Brown, B.R., Markley, R.P., & Arnoult, M.D. (1968). Magnitude estimation of 
perceived distance over various distance ranges. Psychonomic Science, 13(6), 303-304. 

Vogel, J. M., & Teghtsoonian, M. (1972). The effects of perspective alterations on apparent size 
and distance scales. Perception and Psychophysics, 11(4), 294-298. 

Voyer, D., Voyer, S., & Bryden, M.P. (1995). Magnitude of sex differences in spatial abilities: A 
meta-analysis and consideration of critical variables. Psychological Bulletin, 117(2), 250-270. 

Wallach, H., Frey, K.J., & Bode, K.A (1972). The nature of adaptation in distance perception 
based on oculomotor cues. Perception and Psychophysics, 11(1-B), 110-116. 

Wallach, H., & McKenna, V.V. (1960). On size-perception in the absence of cues for distance. 
American Journal of Psychology, 73(3), 458-460. 



 

DRDC Toronto TR 2007-143 105 
 

 
 

Wallach, H., & Norris, C.M. (1963). Accomodation as a distance cue. American Journal of 
Psychology, 76(4), 659-664. 

Wallach, H., & O’Leary, A. (1982). Slope of regard as a distance cue. Perception and 
Psychophysics, 31(2), 145-148. 

Waller, D. (1999). Factors affecting the perception of interobject distances in virtual 
environments. Presence: Teleoperators & Virtual Environments, 8(6), 657-670. 

Waller, D. (2006). Egocentric and nonegocentric coding in memory for spatial layout: evidence 
from scene recognition. Memory and Cognition, 34(3), 491-504. 

Waller, D., Beall, A.C., & Loomis, J. (2004). Using virtual environments to assess directional 
knowledge. Journal of Environmental Psychology, 24(1), 105-116. 

Waller, D., & Haun, D.B.M. (2003). Scaling techniques for modeling directional knowledge. 
Behaviour Research Methods, Instruments, & Computers, 35(2), 285-293. 

Waller, D., & Hodgson E. (2006). Transient and enduring spatial representations under 
disorientation and self-rotation. Journal of Experimental Psychology: Learning, Memory, and 
Cognition, 32 (4), 867–882 

Waller, D., Hunt, E., & Knapp, D. (1998). The transfer of spatial knowledge in virtual 
environment training. Presence: Teleoperators and Virtual Environments, 7(2), 129-143. 

Waller, D., & Loomis, J.M. (2003). Inertial cues do not enhance knowledge of environmental 
layout. Psychonomic Bulletin & Review, 10(4), 987-993. 

Waller, D., Loomis, J.M., & Haun, D.B.M. (2004). Body based senses enhance knowledge of 
directions in large-scale environments. Psychonomic Bulletin & Review, 11(1), 157-163. 

Waller, D., Montello, D.R., Richardson, A.E., & Hegarty, M. (2002). Orientation specificity and 
spatial updating of memories for layouts. Journal of Experimental Psychology: Learning, 
Memory, and Cognition, 28(6), 867-882.  

Wang, R.F. (1999). Representing a stable environment by egocentric updating and invariant 
representations. Spatial Cognition and Computation, 1(4), 431-445. 

Wang, R.F. (2005). Beyond imagination: Perspective change problems revisited. Psicólogica: 
International Journal of Methodology and Experimental Psychology, 26(1), 25-38. 

Wang, R.F., Crowell, J.A., Simons, D.J., Irwin, D.E., Kramer, M.S., Ambinder, M.S., Thomas, 
L.E., Gosney, J.L., Levinthal, B.R., & Hsieh, B.B. (2006). Spatial updating relies on an 
egocentric representation of space: Effects of the number of objects. Psychonomic Bulletin and 
Review 13(2), 281-286. 

Wang, R.F., & Spelke, E.S. (2000). Updating egocentric representations in human navigation. 
Cognition, 77(3), 215-250. 



 

106 DRDC Toronto TR 2007-143 
 
 
 

Wanger, L.R., Ferwerda, J.A., & Greenberg, D.P. (1992, May). Perceiving spatial relationships in 
computer-generated images.  IEEE Computer Graphics and Applications, 12(3), 44-59. 

Wann, J.P., Rushton, S., & Mon-Williams, M. (1995). Natural problems for stereoscopic depth 
perception in virtual environments. Vision Research, 35(19), 2731-2736. 

Wartenberg, C., & Wiborg, P. (2003). Precision of exocentric distance judgments in desktop and 
cube presentation. Presence: Teleoperators & Virtual Environments, 12(2), 196-206. 

Wartenberg, F., May, M., Péruch, P., (1998). Spatial orientation in virtual environments: 
Background considerations and experiments. In Spatial cognition: An interdisciplinary approach 
to representing and processing spatial knowledge (p. 469). Springer Berlin/Heidelberg.  

Watanabe, T. (2006). Geometrical structures of photographic and stereoscopic spaces. The 
Spanish Journal of Psychology, 9(2), 263-272.  

Watt, S.J., Akeley, K., & Banks, M.S. (2005). Focus cues affect perceived depth. Journal of 
Vision, 5, 834-862. 

Watt, S.J., Akeley, K., Ernst, M.O., & Banks, M.S. (2005). Focus cues affect perceived depth. 
Journal of Vision, 5(10), 834-862. 

Weber, C.O., & Bicknell, N. (1935). The size-constancy phenomenon in stereoscopic space. 
American Journal of Psychology, 47, 436-448. 

Wei, M., DeAngelis, G.C., & Angelaki, D.E. (2003). Do visual cues contribute to the neural 
estimate of viewing distance used by the oculomotor systems? Journal of Neuroscience, 23(23), 
8340-8350. 

Weinstein, S (1957). The perception of depth in the absence of texture gradient. American 
Journal of Psychology, 70, 611-615. 

Weintraub, D.J., & Gardner, G.T. (1970). Emmert’s laws: Size constancy vs. optical geometry. 
American Journal of Psychology, 83(1), 40-54. 

Welchman, A.E., Deubelius, A., Conrad, V., Heinrich, H.B., & Kourtzi, Z. (2005). 3D 

shape perception from combined depth cues in human visual cortex. Nature 

Neuroscience, 8(6), 820-827. 

Wells, M.J., & Venturino, M. (1990). Performance and head movements using a helmet-mounted 
display with different sized fields-of-view. Optical Engineering, 29(8), 870-877. 

Werner, S., & Schmidt, K. (1999). Environmental reference systems for large-scale spaces. 
Spatial Cognition and Computation, 1(4), 447-473. 



 

DRDC Toronto TR 2007-143 107 
 

 
 

Wetzel, P.A., Anderson, G.M., Barelka, B.A. (1998). Instructor use of eye position based 
feedback for pilot training. Proceedings of the Human Factors and Ergonomics Society, 2, 1388-
1392. 

Wetzel, P.A., Gregory, M.H. & Martin, E.L. (1999). Influence of night vision goggles on head 
and eye movements during visual search. Investigative Ophthalmology and Visual Science, 40(4), 
S59. 

Wetzel, P.A., Pierce, B.J., & Geri, G.A. (1996). Viewing distance and the perceived size of 
simulator imagery. Journal of the Society for Information Displays 4(4), 247-253. 

Wiest, W.M., & Bell, B. (1985). Steven’s exponent for psychophysical scaling of perceived, 
remembered, and inferred distance. Psychological Bulletin, 98(3), 457-470. 

Wiley, R. (1989). Visual acuity and stereopsis with night vision goggles. (Technical Report No. 
USAARL 89-9). US Army Aeromedical Research Laboratory, Fort Rucker AL. 

Wiley, R.W., Glick, D.D., Bucha, C.T., & Park, C.K. (1976). Depth perception with the AN/PVS-
5 night vision goggles. (Report No. USAARL-76-25). Fort Rucker, AL: US Army Aeromedical 
Research Laboratory. 

Wiley, R.W., & Holly, F. (1976). Vision with the AN/PVS-5 night vision goggle. In Visual Aids 
and Eye Protection for the Aviator, Neuilly-sur-Seine, France: AGARD. AGARD CP-191, pp. 
c7.1-c7.12. 

Willemsen, P., Colton, M., Creem-Regehr, S., & Thompson, W. (2004). The effects of head-
mounted display mechanics on distance judgments in virtual environments. In ACM SIGGRAPH 
Symposium on Applied Perception in Graph and Visualization (Los Angeles, CA), 35-38. 

Willemsen, P., & Gooch, A. (2002). Perceived egocentric distances in real, image-based, and 
traditional virtual environments. In Proceeding of the Virtual Reality Annual International 
Symposium: Virtual Reality 2002, Orlando, FL, 275-276. 

Wilson, P.N. (1997). Use of virtual reality computing in spatial learning research. In N. Foreman 
& R. Gillet (Eds.). A handbook of spatial research paradigms and methodologies, Vol. 1: Spatial 
cognition in the child and adult (pp. 181-206). Hove, England: Psychology Press/Erlbaum. 

Witmer, B.G., Bailey, J.H., Knerr, B.W., & Parsons, K.C. (1996). Virtual spaces and real world 
places: Transfer of route knowledge. International Journal of Human Computer Studies, 45(4), 
413-428. 

Witmer, B.G., & Kline, P. (1998). Judging perceived and traversed distance in virtual 
environments. Presence: Teleoperators and Virtual Environments, 7(2), 144-167. 

Witmer, B.G., & Sadowski, W., Jr. (1998) Nonvisually guided locomotion to a previously viewed 
target in real and virtual environments. Human Factors, 40(3), 478-488. 

Witt, J.K., Proffitt, D.R., & Epstein, W. (2004). Perceiving distance: A role of effort and intent. 
Perception, 33(5), 577-590. 



 

108 DRDC Toronto TR 2007-143 
 
 
 

Wohlwill, J.F. (1963). Overconstancy in distance perception as a function of the texture of the 
stimulus field and other variables. Perceptual and Motor Skills, 17(3), 831-846. 

Wohlwill, J.F. (1964). Changes in distance judgments as a function of corrected and non-
corrected practice. Perceptual and Motor Skills, 19, 403-413. 

Wolfe, U., Maloney, L.T., & Tam, M. (2005). Distortions of perceived length in the frontoparallel 
plane: Tests of perspective theories.   Perception and Psychophysics, 67(6), 967-979. 

Worley, J.K., & Markley, R.P. (1969). Distance discrimination in a reduced cue setting. 
Psychonomic Science, 17(4), 237-238. 

Wraga, M. (1999). Using eye height in different postures to scale the heights of objects. Journal 
of Experimental Psychology: Human Perception and Performance, 25(2), 518-530. 

Wright, R.H. (1995). Virtual reality psychophysics: Forward and lateral distance, height and 
speed perceptions with a wide angle helmet display. (Technical Report 1025). Alexandria, 
Virginia: United States Army Research Institute for the Behavioural and Social Sciences. Pp. 1-
42. 

Wu, B., He, Z.J., Ooi, T.L. (2002). A ground surface based space perception in the virtual 
environment. Journal of Vision 2(7), 513a. 

Wu, B., He, Z.J., Ooi, T.L. (2003). Evidence for a sequential surface integration process 
hypothesis from judging egocentric distance with restricted view of the ground. Journal of Vision, 
3(9), 500a.  

Wu, B., Ooi, T.L., & He, Z.J. (2004). Perceiving distance accurately by a directional process of 
integrating ground information. Nature, 428(6978), 73-77. 

Yeh, Y.Y., & Silverstein, L.D. (1992). Spatial judgments with monoscopic and stereoscopic 
presentation of perspective displays. Human Factors, 34(5), 583-600. 

Zalevski, A., Meehan, J.W., & Hughes, P.K., (2001). Size estimation with night vision goggles. 
(Rep. No. DSTO-RR-0201) Australia: DSTO Aeronautical and Maritime Research Laboratory. 
Pp. 1-35. 

Zegers, R.T. (1948). Monocular movement parallax thresholds as functions of field size, field 
position, and speed of stimulus movement. Journal of Psychology: Interdisciplinary & Applied, 
26, 477-498. 

Zhao, Q.L., Wang, Z.Q., Fu, R.L., Sun, Q., & Lu, Z.W. (2004). Design of refractive/diffractive 
objective for head-mounted night vision goggle. Optik, 115(1), 7-10. 

Zhou, H. (2000). Synthesized night vision goggle. Proceedings of SPIE - The International 
Society for Optical Engineering: Helmet- and Head-Mounted Display V, Orlando, FL, 4021, 171-
178. 



 

DRDC Toronto TR 2007-143 109 
 

 
 

Distribution list  

Document No.: DRDC Toronto TR 2007-143 

 

 LIST PART 1: Internal Distribution by Centre 
  
  
  
  
  
  
  
  
  
   
  
  
      

0 TOTAL LIST PART 1  
  
  
  

 LIST PART 2: External Distribution by DRDKIM 
1 Library and Archives Canada 
  
  
  
  
  
  
  
  
  
  
  
      

1 TOTAL LIST PART 2  
  
  

1 TOTAL COPIES REQUIRED 

 
 
 
 



 

110 DRDC Toronto TR 2007-143 
 
 
 

This page intentionally left blank. 
 
 
 
 
 
 
 



 
 

 
 

 

DOCUMENT CONTROL DATA 
(Security classification of title, body of abstract and indexing annotation must be entered when the overall document is classified) 

 1. ORIGINATOR (The name and address of the organization preparing the document. 
Organizations for whom the document was prepared, e.g. Centre sponsoring a  
contractor's report, or tasking agency, are entered in section 8.) 
 
Defence R&D Canada – Toronto 
1133 Sheppard Avenue West 
P.O. Box 2000 
Toronto, Ontario M3M 3B9 
  

 2.  SECURITY CLASSIFICATION  
(Overall security classification of the document 
including special warning terms if applicable.) 

 
UNCLASSIFIED 

 3. TITLE (The complete document title as indicated on the title page. Its classification should be indicated by the appropriate abbreviation (S, C or U)  
in parentheses after the title.) 
 
Distance estimation to flashes in a simulated night vision environment:    

 4. AUTHORS (last name, followed by initials – ranks, titles, etc. not to be used) 
 
Morawiec, G.; Niall, K.K.; Scullion, K. 

 5. DATE OF PUBLICATION  
(Month and year of publication of document.) 
 
 
December 2007 

 6a. NO. OF PAGES   
(Total containing information, 
including Annexes, Appendices, 
etc.) 

128 

 6b. NO. OF REFS   
(Total cited in document.) 
 
 

38 
 7. DESCRIPTIVE NOTES (The category of the document, e.g. technical report, technical note or memorandum. If appropriate, enter the type of report, 

e.g. interim, progress, summary, annual or final. Give the inclusive dates when a specific reporting period is covered.) 
 
Technical Report 

 8. SPONSORING ACTIVITY (The name of the department project office or laboratory sponsoring the research and development – include address.) 
 
Defence R&D Canada – Corporate 
 
  

 9a. PROJECT OR GRANT NO. (If appropriate, the applicable research 
and development project or grant number under which the document  
was written. Please specify whether project or grant.) 

  
 16bf - ADDNS TDP 

 9b. CONTRACT NO. (If appropriate, the applicable number under  
which the document was written.) 
 

  
  

 10a. ORIGINATOR'S DOCUMENT NUMBER (The official document 
number by which the document is identified by the originating  
activity. This number must be unique to this document.) 
 
DRDC Toronto TR 2007-143 

 10b.  OTHER DOCUMENT NO(s). (Any other numbers which may be 
assigned this document either by the originator or by the sponsor.) 
 
 
  

 11. DOCUMENT AVAILABILITY (Any limitations on further dissemination of the document, other than those imposed by security classification.) 
  

Unlimited 

 12. DOCUMENT ANNOUNCEMENT (Any limitation to the bibliographic announcement of this document. This will normally correspond to the 
Document Availability (11). However, where further distribution (beyond the audience specified in (11) is possible, a wider announcement  
audience may be selected.)) 
 
Unlimited    



 
 

 
  
 

 
 

 

 13. ABSTRACT (A brief and factual summary of the document. It may also appear elsewhere in the body of the document itself. It is highly desirable  
that the abstract of classified documents be unclassified. Each paragraph of the abstract shall begin with an indication of the security classification  
of the information in the paragraph (unless the document itself is unclassified) represented as (S), (C), (R), or (U). It is not necessary to include  
here abstracts in both official languages unless the text is bilingual.)  
 

The Canadian Forces have recognized the importance of simulator training as a cost-effective 
alternative to real training; yet the effect of display simulation on visual perception is not fully 
understood. Eighteen subjects participated in an experiment to determine if training, in the form 
of immediate feedback, improved distance estimation to muzzle flashes in a simulated NVG 
environment. Testing was performed on a PC desktop computer using software that simulated a 
large open grassy field. Subjects were exposed to three flash types; five flashes, single flash, and
a prolonged flash. Flashes were presented to the subjects both above and below the horizon. 
Significant improvement was shown in the experimental group’s accuracy; this accuracy 
persisted over two weeks but with notable deterioration. Contrary to expectation the perception 
of a single flash resulted in significantly greater accuracy than the prolonged flash. This 
experiment reinforces the effectiveness of simulation as a tool in preparing soldiers. A 
bibliography of the topic is included. 

 

Les Forces canadiennes reconnaissent l’importance de la formation sur simulateur à titre de 
substitut économique à la formation réelle; cependant, les effets de la simulation de l’affichage 
sur la perception visuelle demeurent mal compris. Dix-huit personnes ont participé à une 
expérience visant à déterminer si la formation avec rétroaction immédiate améliorait 
l’appréciation des distances de lueurs de départ dans un milieu de simulation observé avec des 
LVN (lunettes de vision de nuit). Les essais ont été réalisés sur un ordinateur de bureau à l’aide 
d’un logiciel qui simule une vaste étendue (champ). Les participants ont été exposés à trois 
types d’éclairs : une série de cinq éclairs, un éclair unique et un éclair prolongé. Les éclairs 
étaient générés au-dessus et en-dessous de l’horizon. Des améliorations importantes (p ≤ 0,05) 
ont été observées dans la précision de l’information fournie par le groupe étudié; la précision a 
été maintenue pendant deux semaines, mais s’est tout de même détériorée considérablement au 
cours  de  cette  période.  Contrairement  aux  attentes,  la  distance  de  l’éclair  unique  a  été 
perçue  avec  une  précision  beaucoup  plus  grande  (p ≤ 0,05)  que  celle  de  l’éclair  
prolongé. Cette expérience est venue confirmer l’efficacité de la simulation comme outil de 
préparation des soldats.  

 
 

14. KEYWORDS, DESCRIPTORS or IDENTIFIERS (Technically meaningful terms or short phrases that characterize a document and could be  
helpful in cataloguing the document. They should be selected so that no security classification is required. Identifiers, such as equipment model 
designation, trade name, military project code name, geographic location may also be included. If possible keywords should be selected from a  
published thesaurus, e.g. Thesaurus of Engineering and Scientific Terms (TEST) and that thesaurus identified. If it is not possible to select  
indexing terms which are Unclassified, the classification of each should be indicated as with the title.) 
 
night vision; distance estimation; training; simulation  

 

 





www.drdc-rddc.gc.ca

Defence R&D Canada

Canada’s Leader in Defence
and National Security

Science and Technology

R & D pour la défense Canada

Chef de file au Canada en matière
de science et de technologie pour
la défense et la sécurité nationale

DEFENCE DÉFENSE
&


